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1.0  SUMMARY 


1.1  General  Description 

The  tip  turbojet  helicopter  described  herein  is  designed  as  a  cargo 
helicopter  having  a  payload  of  12  tons  and  a  gross  weight  of  72,000 
pounds.  The  rotor  system  utilizes  four  blades  with  two  engines  mounted 
in  an  over-under  configuration  on  each  blade  tip.  Each  blade  has  a 
radius  of  56  feet  to  the  centerline  of  the  engines  and  a  chord  of  6.5 
feet.  Titanium  alloys  are  used,  when  practical,  throughout  the  rotor 
system  construction. 

1.2  Structural  Design  Philosophy 

1.2.1  Purpose 

It  is  the  purpose  of  this  part  of  the  report  to  provide  sufficient  load 
and  stress  data  to  illustrate  the  feasibility  of  the  rotor  system  from 
a  structural  viewpoint. 

1.2.2  Scope 

The  information  contained  herein  is  to  provide  a  brief  preliminary  sur¬ 
vey  of  loads  and  stresses  in  the  major  structural  components  of  the 
rotor  system.  The  rotor  system  is  analyzed  progressing  in  order  of 
force  transmission  from  the  engine  nacelles  at  the  tip  to  the  gimbal 
at  the  rotor  shaft. 

Due  to  the  lack  of  structural  design  details,  certain  refinements  must 
be  eliminated  in  this  preliminary  effort  which  will  be  considered  in  a 
production  or  prototype  effort.  Sin?)lifying  assumptions  are  clearly 
defined  in  the  appropriate  places  within  the  report. 

The  special  engine  environmental  vertical  load  factor  of  jAOg  used  in 
the  rotor  system  static  analysis  was  conservatively  estimated  during 
development  design  and  prior  to  the  dynamic  load  study  completion.  The 
rotor  system  stiffness  has  increased  such  that  the  engine  environmental 
vertical  load  factor  computed  during  the  dynamic  load  study  has  a  magni¬ 
tude  of  ±3.4g.  Therefore,  the  static  rotor  system  stress  analysis  is 
conservatively  presented  herein  usirg  the  ±l<0g  loading  fhctor  in  conjunc¬ 
tion  with  the  rotor-overspeed-operation,  both- engine s-operating  condi¬ 
tion. 

1.2.3  Fatigue  Considerations 

The  fhtigue  analysis  primarily  consists  of  an  investigation  of  the  rotor 
system  to  illustrate  that  the  alternating  stresses  developed  during 
normal  flight  conditions  are  below  the  component  material  endurance 
limit  and  nondamaging. 


1 


In  cases  where  attachment  bolt  static  margins  of  safety  are  low  for  cen¬ 
trifugal  force  loading,  a  start-stop  fatigue  investigation  is  conducted 
to  determine  the  required  bolt  diameter  to  establish  a  10,000-houi 
service  life  when  a  fatigue  notch  factor  of  2.0  is  applied  to  the  3-N 
data. 

The  prediction  of  component  fatigue  strength,  in  some  cases,  is  accom¬ 
plished  through  the  use  of  available  fatigue  notch  factors.  Only  those 
components  which  are  major  structural  members  are  considered  from  a  fa¬ 
tigue  viewpoint. 
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2.0  CONCLUSIONS 


2.1  Critical  Static  Design  Conditions 

2.1.1  Engine  Nacelle  and  Attachments 

Although  the  structural  significance  of  the  engine  nacelles  is  recog¬ 
nized  at  this  time,  it  is  felt  that  they  do  not  contribute  structurally 
as  rotor  system  major  load  carry  members,  and  as  such  are  not  analyzed 
during  Phase  I. 

2.1.2  Engine  Mount  System  and  Attachment 

The  critical  engine  mount  system  and  attachment  loading  occurs  during 
the  rotor  limit  speed  condition,  and  during  the  rotor-overspeea-opera- 
tion,  both- engines -ope rating  condition.  The  critical  engine  mount  areas 
are  the  attachment  bolts  and  lugs  and  the  heat  expansion  fitting. 

2.1.3  Main  Rotor  Blade  Tip  Engine  Retention  Structure 

The  critical  main  rotor  blade  tip  and  attachments  loading  occurs  during 
the  rotor  limit  speed  condition  and  during  the  rotor-overspeed-operation, 
two-engines-operating  condition.  The  critical  areas  are  the  attachment 
lugs. 

2.1.4  Main  Rotor  Blade  Typical  Section 

The  critical  main  rotor  blade  typical  section  is  at  rotor  station  170.00 
during  the  static  droop  condition. 

2.1.5  Main  Rotor  Blade  Root  Retention  Structure 


The  critical  main  rotor  blade  root  retention  structure  loading  occurs 
during  the  rotor  limit  speed  condition.  The  critical  areas  are  the 
tens ion- torsion  strap  and  its  retention  bolt. 

2.1.6  Stub  Blade  and  Retention 

The  critical  stub  blade  loading  occurs  during  the  transient  cyclic  stick 
whirl  condition.  The  adjustable  link  attachment  lug  is  critical. 

2.1.7  Main  Rotor  Hub  Assembly 

The  critical  main  rotor  hub  assembly  loading  occurs  during  forward 
flight,  4l  miles  per  hour,  2.5g,  5&2  feet  per  second  tip  velocity  condi¬ 
tion.  The  critical  hub  ^reas  are  the  blade  retention  lugs  and  pins. 
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2.1.8  Gimtbal  and  Attachments 


Die  critical  global  and  attachments  loading  occurs  during  the  2.5g 
loading  condition.  The  critical  areas  are  the  hearings  and  Section 
17-17  as  defined  on  page  87. 

2.1.9  Restraint  Spring  Assembly 

The  outside  spring  fiber  stress  Is  critical 

2.1.10  Static  Margins  of  Safety 

A  summary  of  the  critical  static  margins  of  safety  is  presented  In 
tabular  form  on  the  following  page. 

2.2  Critical  ffetigue  Design  Conditions 

The  start- stop  condition  Is  the  critical  main  rotor  system  fatigue 
design  condition  considered  in  this  analysis.  The  critical  rotor  system 
components  during  the  start-stop  condition  are  the  engine  to  mount 
attachment  heat- expansion  fitting,  the  rotor  system  component  attachment 
bolts,  pins,  and  lugs,  and  the  tens  ion- tors  Ion  strap  assembly. 

The  alternating  stresses  developed  during  a  steady- state,  in  trim, 
normal  flight  condition  are  below  the  rotor  system  component  material 
endurance  limit  and  nondamaging. 

Further  fatigue  consideration  of  the  main  rotor  system  will  be  conducted 
upon  the  accomplishment  of  strain-measured  flight  maneuvers. 
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TABLE  1 

SUMMARY  -  CRITICAL  STATIC  MARGINS  OF  SAFETY 


Section 

Name 

Margin  of  Safety 

Page 

Due  to 

■TKfl 

No. 

4.1.2 

Engine  Mount  System  and  Attachments 

Engine  to  mount  attachment  bolts 

Bolt  bending 

.01 

16 

Main  mount.  Section  2-2 

Combined  load 

.20 

20 

Heat  expansion  fitting.  Sect.  4-4 

Combined  load 

.15 

28 

Inner  lug  to  mount  weldment 

Combined  load 

.16 

33 

Mount  to  tip  attachment  bolts 

Bolt  bending 

.01 

36 

4.1.3 

Main  Rotor  Blade  Tip  Engine 

Retention  Structure 

Mount  pickup  fittings 

Lug  shear -out 

.16 

43 

Pickup  fittings,  Section  8-8 

Combined  load 

.17 

47 

4.1.4 

Main  Rotor  Blade  Typical  Section 

Buckling 

.10 

62 

4.1.5 

Main  Rotor  Blade  Root  Retention 

Tens ion -tors ion  strap  retention 

pin 

Pin  bending 

.24 

65 

Tens ion -tors ion  strap  assembly 

Tension 

.00 

69 

4.1.6 

Stub  Blade  and  Retention 

Adjustable  link  attachment  lug 

Lug  shear -out 

.60 

74 

4.1.7 

Main  Rotor  Hub  Assembly 

Stub  blade  to  hub  attachment  lugs 

Lug  shear -out 

.03 

77 

Stub  blade  to  hub  attachment  pin 

Pin  bending 

.02 

78 

Adjustable  link  lug  analysis 

Lug  shear-out 

•23 

82 

4.1.8 

Gimbal  and  Attachments 

Gimbal  ring.  Section  17-17 

Combined  load 

.27 

88 

Pivot  pin  bearing 

Radial  bearing 

load 

.14 

89 

Rotor  shaft  bearing  lug,  Section 

18-18 

Combined  load 

.18 

91 

4.1.9 

Restraint  Spring  Assembly 

Outside  spring 

Spring  load 

.09 

92 

5 .0  RECOMMENDATIONS 


3.1  Static  Testing 

In  those  cases  vhere  design  of  conq>onents  and/or  assemblies  results  in 
the  requirement  of  an  ultraconservative  static  analysis,  structural 
substantiation  vill  be  accomplished  by  static  test. 

3.2  Fatigue  Testing 

A  minimum  of  four  specimens  vill  be  fatigue  tested  to  obtain  the  re¬ 
quired  fatigue  data  for  component  service  life  estimation. 
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4.0  STATIC  STRUCTURAL  ANALYSIS 


4.1  Introduction 

It  is  the  purpose  of  this  part  of  the  report  to  provide  sufficient  load 
and  stress  data  to  insure  the  integrity  of  the  rotor  system  design  from 
the  static  structural  viewpoint. 

The  main  rotor  system  is  substantiated  to  the  criteria  of  Reference  1 
utilizing  the  loads  developed  in  Reference  2.  Ihe  methods  of  analysis 
used  in  this  report  are  those  which  are  generally  accepted  throughout 
the  airframe  and  missile  industry.  Whenever  possible,  the  latest  edi¬ 
tion  of  Reference  4,  "Metallic  Materials  and  Elements  for  Flight  Vehicle 
Structures,"  MIL-HDBK-5,  August  1962,  is  referred  to  for  the  material 
mechanical  properties. 

A  fitting  factor  of  1.15  is  not  used  in  the  lug  analyses  margins  of 
safety  calculations  for  the  rotor  limit  speed  condition  (tip  velocity 
of  8l5  feet  per  second)  as  it  is  felt  that  the  conservatism  is  too  ex¬ 
treme.  The  rotor  limit  speed  tip  velocity  is  1.25  times  the  maximum 
design  tip  speed  velocity,  and  an  ultimate  safety  factor  of  1.50  is 
used  in  the  margins  of  safety  calculations. 

The  rotor  system  is  analyzed  in  order  of  force  transmission  progressing 
from  the  engine  nacelle  at  the  tip  to  the  hub  and  gimbal  at  the  rotor 
shaft. 

4.1.1  Engine  Nacelle  and  Attachments 

An  engine  nacelle  is  provided  for  aerodynamic  streamlining  purposes  and 
does  not  carry  primary  structural  loads.  Since  the  intent  of  the  Phase 
I  rotor  system  stress  analysis  is  to  provide  a  brief  preliminary  survey 
of  loads  and  stresses  in  the  major  structural  components  and  since  the 
function  of  the  engine  nacelles  is  aerodynamic  in  nature,  this  portion 
of  the  rotor  system  stress  analysis  is  not  presented  for  Phase  I  con¬ 
siderations. 

4.1.2  Engine  Mount  System  and  Attachment 

This  portion  of  the  main  rotor  system  stress  analysis  is  concerned  with 
the  static  structural  substantiation  of  the  engine  mount  system,  includ¬ 
ing  the  mount  system  to  engines  and  blade-tip  attachments.  The  engine 
mounts  are  analyzed  in  order  of  force  transmission,  progressing  from  the 
engine  attachments  to  the  blade-tip  attachments. 

4. 1.2.1  Loading  Analysis 

Preliminary  static  stress  analysis  completed  during  the  engine  main  mount 
system  development  design  period  established  that  the  maximum  engine  main 
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mount  loading  occurred  during  the  rotor  limit  speed  condition,  and  dur¬ 
ing  the  rotor-overspeed- operation,  tvo- engines- operating  condition. 

The  aft  engine  mount  experiences  its  highest  loading  during  the  rotor 
overspeed  operation. 

The  engine  mount  system  loads  presented  in  Figures  1,  2,  and  3  are  de¬ 
veloped  below  for  the  following  critical  loading  conditions: 

Condition  1:  Rotor  limit  speed  (813  f.p.s.  tip  velocity). 

Condition  2:  Design  maximum  rotor  speed  -  one  engine  out. 

Condition  3:  Rotor  overspeed  operation  -  both  engines  operating. 

The  loads  presented  at  a  given  location  in  Figures  1,  2,  and  3  are  the 
applied  loads  acting  at  that  point. 

Condition  1: 


Engine  weight:  W  *  370  Ib/engine  (limit) 

Blade  tip  velocity:  V^,  *  813  f.p.s. 

fl  *=  =  14.51  rad/sec. 

Centrifugal  force  load  per  engine: 

2 

C.F.  (370) (56)  =  136,000  lb.  (limit) 

The  additional  load  due  to  centrifugal  force  acting  on  the  main  mount 
and  that  portion  of  the  nacelle  supported  by  the  main  mount  is  assumed 
to  he  acting  at  rotor  station  661.OO. 

Weight:  W  =  100  lb.  (limit) 

2 

C.F.  =  (lOO)(55-6)  -  36,700  lb.  (limit) 


Condition  2: 

Engine  weight:  W  =  370  lb.  (limit) 

Blade  tip  velocity:  V^,  =  650  f.p.s. 

Q  =  =  11.60  rad/sec. 

C.F.  =  (370) (56)  -  87,000  lb.  (limit) 

The  gyroscopic  moment  tends  to  force  the  rotor  blade  leading  edge  down 
and  has  a  magnitude  of: 

Mx  =  (I.67) (2,304)  ^  =  44,700  in- lb.  (limit) 
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The  centrifugal  force  load  due  to  the  main  mount  and  nacelle  acts  at 
rotor  station  661.00  and  has  a  magnitude  of: 

2 

C.F.  =  ■  (100)(55.6)  =  23,500  lb.  (limit) 

The  engine  thrust  is  1,500  pounds  (limit)  per  engine.  The  moment  about 
the  z  axis  due  to  the  centerline  of  the  engine  thrust  being  located 
11,25  inches  outboard  of  the  engine  to  main  mount  attachment  centerline 
is  reacted  as  a  couple  by  the  main  and  aft  engine  mounts. 

Px  =  1^125  (1^500)  =  1#125  lb‘  (limlt) 

The  aft  mount  is  assumed  to  veigh  11.2  pounds  (limit).  The  centrifugal 
force  load  due  to  the  aft  mount  weight  is: 

2 

C.F.  =  ^52'^"  (11,2H  55-6)  =  2,600  lb.  (limit) 


Condition  3: 

Engine  weight:  W  =  370  lb.  (limit) 

Blade  tip  velocity:  VT  =  683  f.p.s. 

Q  =  =  12.20  rad/sec. 

C.F.  =  (  370) (56)  =  95,000  lb.  (limit) 

The  gyroscopic  moment  per  engine  tends  to  force  the  rotor  blade  leading 
edge  down  and  has  a  magnitude  of: 

Mx  =  (1.67) (2,304)  =  47,000  in-lb.  (limit) 

The  centrifugal  force  load  due  to  the  main  mount  and  nacelle  weight  acts 
at  rotor  station  661.OO  and  has  a  magnitude  of: 

2 

C.F .  =  ■  (100) (55. 6)  =  25,700  lb.  (limit) 

The  static  engine  thrust  is  1,700  pounds  (limit)  per  engine.  Per  the 
discussion  on  page  9  of  Volume  IV,  an  additional  in-plane  load  normal 
to  the  blade  axis  is  applied, 

P  =  1,700  +  (±5) (570)  -  3,550  lb.  (limit)  per  engine 

y 
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UFFMH  fMfi. TO  AFT  MOUNT 


Figure  1.  Engine-Mount-System  Loading  Diagram  - 
Rotor  Limit  Speed  of  8l3  f.p.s.  Tip  Velocity. 
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Figure  2.  Engine- Mount- System  Loading  Diagram  - 
Design  Maximum  Rotor  Speed  -  One  Engine  Out, 


upprm  SNG.TDnrr  mount 


PTTMCtmENT  ^3 

'“M 


tkk.SK  ttf-H 
M.SSK  ta,  jf 


><>.  \ 


'MK  1A 

r  /- k&Ne/t B/tiiQ rtm  murr 

^  jaiiaLmetoL.it.- 

\<t"*  ti*.  SK  M-L*yc  T  V*  47K  ,*.  <  » 

^Z .S3  K  tm 


Figure  J.  Engine-Mount-System  Loading  Diagram  - 
Rotor  Overspeed  Operation  -  Both  Engines  Operating. 
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The  vertical  engine  load  normal  to  the  blade  axis  is: 


I. 

V 


P  =  (±^40)  (370)  =  ill, 800  lb.  (limit)  per  engine 
z 

The  aft  mount  reacts  the  in-plane  engine  loading. 

Px  =  (3,550)  =  2,600  lb.  (limit)  per  engine 

The  centrifugal  force  load  due  to  the  aft  mount  weight  of  11.2  pounds 
(limit)  is: 

2 

O.F.  ■  (11.2) (55- 6)  «  2,850  lb.  (limit) 


1.1.2. 2  Stress  Analysis  for  Main  Engine  Mount  -  (Ref.  Volume  III, 

Figure  20) 

This  portion  of  the  main  rotor  system  stress  analysis  is  concerned  with 
the  static  structural  substantiation  of  the  main  engine  mount,  including 
the  engine  and  blade-tip- tc-mount  attachments. 

The  material  properties  presented  below  are  obtained  from  Reference  10. 
Material  type:  T1-6AL-4V  titanium 


At  room  temperature: 

Ftu  *  162,000  p.s.i. 

F  “  91,000  p.s.i. 
su  ’ 

At  400°F.  temperature: 

Ftu  =  (-785) (162,000) 
Fsu  =  (’785) (94,000) 


(  Ref.  10,  page  39) 


127,000  p.s.i. 

74,000  p.s.i. 


(Ref.  10,  pages  52,53) 


4. 1.2. 2.1  loading  Analysis 

Per  the  discussion  on  page  7,  the  critical  engine  mount  centrifugal 
force  loads  occur  during  the  rotor  limit  speed  condition. 

The  general  geometry  and  loading  sketch,  presented  in  Figure  4  on  the 
following  page,  establishes  the  upper  lug  attachments  for  both  engines 
to  be  critical  for  the  rotor  limit  speed  condition  centrifugal  force. 


fir' 
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C.F.  =  508,700  lb.  (limit) 
WT  =  570  lb.  (limit) 


Figure  4.  Main  Engine  Mount  -  General  Geometry  and 
Loading  Sketch. 

k. 1.2.2. 2  Engine- to -Mount  Attachment  Bolts 

1.25  dia.  bolt,  NAS  464;  A  =  1.23  in2;  Z  ■  .192  in5 
Material  type:  lAL-8v-5Fe  titanium  alloy 
HiTi  20  series  bolts 

Hie  material  properties  are  obtained  from  Reference  rJ,  page  2. 

At  room  temperature:  F^  =  200,000  p.s.i. 

F  =  120,000  p.s.i. 
su  7 

At  400°F.  temperature:  F^  =  ( .8) (200,000)  =  160,000  p.s.i. 

F  =  ( .8) (120 ,000)  =  96,000  p.s.i. 

SU 


The  maximum  bolt  loads  occur  during  the  rotor  limit  speed  condition: 


=  C.F.  +  11 ‘^T  =  136.000  +  (11.23)  (373) 


2  13.00 
=  68,300  lb.  (limit) 


13.00 


The  bolts  are  loaded  in  double  shear. 

A  = 

fs  =  %$T  =  27>9°°  P-s.i-  (limit) 


2.U5  inc 


1.30 


„  o  96.000  , 

M'S*  “  (l. 5)^27,900)  “  1  = 

Bolt  Bending- Stress  Investigation: 

The  method  of  analysis  used  in  determining  the  bolt  bending- stress  level 
is  obtained  from  pages  l60  through  l64  of  Reference  9-  In  the  following 
analysis,  the  applied  load  is  assumed  to  tend  to  "peak-up"  on  the  inner 
lug  near  the  shear  planes  rather  than  be  carried  as  a  uniform  load  across 
the  inner  lug. 

P  =  68,300  lb.  (limit) 


P/2 

P/2 


Figure  5.  Bolt-and-Lug  Loading  Sketch  -  Engine- 
to-Main-Mount  Attachment. 
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The  inner  lug  is  a  portion  of  the  turbojet  engine  ring  and  is  loaded 
at  an  angle  of  30  degrees.  The  outer  lugs  are  a  part  of  the  main  engine 
mount  and  are  loaded  at  an  angle  of  60  degrees.  Tbe  bolt  bending  stress 
analysis  presented  on  the  following  page  assumes  the  inner  and  outer 
lugs  to  be  axially  loaded  and  considers  the  load  "peaking"  effects  on 
the  inner  lug  only. 


If  the  oblique  loadings  in  the  attachment  system  are  resolved  into 
axial  and  transverse  components,  the  value  of  the  minimum  allowable 
ultimate  load  (P^^)  is  reduced  which  results  in  a  shorter  morent 
arm  and  a  smaller  bolt  bending  stress.  In  addition,  if  the  excess  of 
strength  in  the  outer  lugs  is  considered,  an  additional  moment  arm  re¬ 
duction  is  realized. 


Preliminary  analysis  has  established  that  when  the  excess  outer  lug 
strength  is  considered,  assuming  axial  lug  loading,  the  vector  quantity 
of  the  bolt  horizontal  shear  and  reduced  bending  stresses  results  in  a 
slightly  higher  margin  of  safety  than  that  obtained  on  the  following 
page. 

In  view  of  the  above  discussion,  the  bolt  bending  stress  analysis 
presented  on  the  following  page  is  considered  to  be  satisfactory. 
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Lug  material  properties: 


F  =  74,000  p.s.i. 
Fta  =  127,000  p.s.i. 

Pbr  -  (3- 24) (74 ,000) 

U  =  240,000  lb. 

P'  »  (1-936) (127,000) 
^  =  246,000  lb. 


d  =  1.25  in. 
D  =  1.44  in. 
g  =  .065  in. 
W  =  2.30  in. 
a  =  1.15  in. 

tL  =  1.1  in. 

t2  =  2.25  in. 


p'  = 
“min 

Pumin 

\rFtu 


240,000  lb. 
=  .585 


T  *  .68  (Ref.  9,  page  162, 
Figure  4) 


-  [  a  ll  JL  -  f  1.1?  ll  li 
r  “  LD  '  2  J  t2  "  L1.44  '  2  J  2. 

=  .192 

Abr=  Dt2  =(1.44) (2.25)  =  3-24  in2 
At  -  (W-D)t2  =  (2.3  -1.44) (2.25) 

=  1.936  in2 


b  = 


2 

1.1 


+  «  +  r(lf) 

2  +  .065  +  (.68)(^P)  =  .997  in. 

M  =  (P/2)b  =  (.997)  a  34,400  in- lb.  (limit) 

fb  ■  |  -  ^7^  *  177,000  p.s.i.  (limit) 


The  bending  modulus  of  rupture  factor  (K  =  1.68)  is  obtained  from  page 
115  of  Reference  3 • 


H.S. 


Ptu  _  (I.68HI00 .000) 
1.5  fb  "  (l .5) [177 ,000; 


1  = 


4. 1.2. 2. 3  Upper  Lug  Stress  Investigation  -  Upper  Engine 
Px  =  68,300  lb.  (limit)  (Ref.  page  15) 

Py  =  WT  =  370  lb.  (limit) 


2  +  P2  «  68,300  lb.  (limit) 
x  y 


4. 1.2. 2. 3.1  Link  Tear- Out 


A  =  (l.l)(2.30  -  1.44)(2)  =  1.89  inc 
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ft  =  =  56»100  P-s-i-  (limit) 


^9 

M.S.  = 


127,000 

(1.5X36,100) 


-  1  = 


1.51 


4.1.2.2.3.2  Link  Shear-Out 

A  =  (l.l)(2.30  -  i.44)(2)  =  1.89  in2 
fg  =  =  36,100  p.s.i.  (limit) 

M  q  -  74,000  ,  .. 

M'S*  '  (1.5) (357666)  ‘  1  “ 


.46 


4. 1.2. 2. 4  Section  1-1  Stress  Investigation 


Figure  6.  Main  Engine  Mount  -  Section  1-1  Geometry. 


Section  Properties; 


A  -  (2.9)(5. 6)  -  (2)(1.7 )(.8)  -  (2.5)(3.2) 

=  16.23  -  2.72  -  8.00  =  5.51  in2 

Ix,_x,  .  ♦  (1.56)(2.1,)2] 

*  42.4  -2 (.0725  +  7.84)  -  6.83 


=  42.4  -  22.65 
=  19.75  in4 


12 
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(16.23)(1.45)  -  2(1.36X1.25)  -  (8.00)(l.65) 

5.51 

07  cC  1  I.A  T7  AA  ^  aQ 

=  1.263  in. 


5.51 


5.51 


I  ■  ■2rMKM£,(1.?6)(.oi3)21.i2^2£  • 

(8.00)(.39)2+  (16.23 )(.  19  f 

=  11.38  +.59  -  2(.33+  0) - 4.17  -  1.22  =  11.97  -  6.05 
1+ 

=  5.92  in 


4. 1.2. 2. 4.1  Loading  Analysis 

a  =  tan”1  =  13.62° 

P  .  =  P  cos  a+  P  sin  a 
x*  x  z 

=  68,300  cos  13.62°  + 370sin  13.62° 

=  66,400  +  87  »  66,500  It.  (limit) 


Pz,=  Px  sin  a  -  P2  cos  a 

=  68,300  sin  13.62°.  370  cos  13.62° 
=  15,700  lb.  (limit) 


Figure  7.  Main  Engine  Mount  - 
Section  1-1  Loading  Sketch. 


4. 1.2. 2. 4. 2  Stress  Analysis 


My-y  =  3.^Px,-.85Pz, 

=  (3.45X66, 4oo)  -  (.85X15,700) 
=  215,700  in- lb.  (limit) 


f  _  (2L5 / 70° X  1^.26)  =  46  000  p.s.i.  (limit) 
l  5.92 

f  =  =  28OO  p.s.i.  (limit) 

t  5.51 

f  =  fb  +  f  =  48,800  p.s.i.  (limit) 
fg  =  -  12,100  p.s.i.  (limit) 

_  (1.5  X48,800)  _  5?6  R  _  (1.3X12,100)  _  24. 

Rt  127,000  ,:?f°  9  s  74,000 
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Combining  the  tensile  and  shear  stresses  vectorially, 
safety  is: 


M.S. 


1  = 


the  margin  of 

I  *53 


4. 1.2. 2. 5  Section  2-2  Stress  Investigation 


y 

Figure  8.  Main  Engine  Mount  - 
Section  2-2  Geometry. 


Section  Properties: 


A  =  (3.25)(6.25)  -  (2)(1.8)(1.15)  -  (2.05)(3.25) 
=  20.35  -  4.14  -  9.26  =  7.05  in2 


ix.x  -  ibsqpstf.  .  (2.ot)(2.75)2J  -  (2-*)g-g? 

=  66.10  -  2(.23  +  15.12)  -  8.16 
=  66.10  -  38.86  =  37.24  in^ 


x-  (20»35)(1.625)  -  (2)(2.07)(1.3)  -  (9-26)(l.82g) 

7.O5 

33.00  -  5.39  -  16.90  10.71 

=  "  TTC5 

=  1.52  in. 
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y-y 


(6--?5?(3«25)3  +  (20.35)(.105)2  -  2  [  +  (2.07)(.22)2  J 

(3.25)(2.85)?  _  (9>26)(.305)2 


1 2 

=  17.88  +  .22  -  2(.459  +  .10)  -  6.27  -  .86 


=  18.10  -  8.25  =  9.85  in 
Loading  Analysis: 

My-y  "  6-55  Px  -  2.55  Pz 

=  (6.55X68500)+ (2.55)(370) 

=  41*7,000  +  940 
=  447,900  in- lb.  (limit) 

(447f900)(l.32) 

\  ~ 

=  69,000  p. s. i.  (limit) 

f  =  =  52.5  p-M-  (limit) 

c  ' negligible 

fs  =  =  9700  p-B’iw  (limit) 


T 

nr 


55  h- 


6.55 


4  U 


Figure  9.  Main  Engine  rfaunt 
Section  2»-2  Loading  Sketch. 


Combining  the  bending  and  shear  stresses  vectorially,  the  margin  of 
safety  is: 

1 


M.S.  = 


2  r„2 


-  1  = 


+  R 


.20 


4. 1.2. 2. 6  Section  3~3  Stress  Investigation 
4. 1,2. 2. 6.1  Section  Properties 

A  =  2[(5.95)(1.5)  -  (.5)(l.25)(.875)  -  (l.44)(l.5)]  +(.58)(3.3) 

=  2(8.925  -  .5^7  -  2.16)  +  1.914  =  14.35  in2 

_  2 [(8.925X2.975)-  (.547)(5.53)  -  (2.16)(2.15)]+  (l.9l^)(.29) 

x  =  11*35 

2(26.55  -  3.03  -  4.65)  +.56  38.30  „  ^ 

=  — 1 - W755 - -  ,1.  tV  =  2.07  in. 


1575 
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Figure  10.  Main  Engine  Mount  -  Section  3“3  Geometry. 

Vy  .  2  [(iJlg-P?  *  (S.gejK.JOS)2-  .(.*7X2.86 f  - 

-  (2.l6)(.52)sl  +  ♦  (I.9ilt)(2.j8)2 

J  1 

=  2(26.35  +.83  -.05  -  4.48  -.58  -.49)  +  .05  +  IO.85  =  54.06  in 


I 

x-x 


2  [  ' ^  ^  +  (8.925)(2.40)2-  l1.l2-^,875)?.  _ ( .547 )(i.56)2  - 

(!.44)(1.5)^  _  (2,i6)(2.40)2  ^  +  (l.9l4)(0)2 

2(1.67+  51.^0  -.02  -1.01  -.41  -  12.42)  +  1.74  +  0  =  80.16  in* 


4. 1.2. 2. 6. 2  Loading  Analysis 

Rotor  Limit  Speed  Condition;  - 

C.F.  =  136,000  lb.  (limit) 

W_  =  370  lb.  (limit) 


13.00 


My  -  (l3.00)(68300)+(4.32)(370) 
=  890,000  In- lb.  (limit) 

Px  =  136,000  lb.  (limit) 


67,700  |  I 


Section  3“3 


Figure  11.  Ma-in  Engine  Mount  - 
Section  3-3’  Loading  Sketch  (Cond.  l) . 
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Rotor  Overspeed  Operation  -  Both  Engines  Operating: 


Px  -  93,200  lb.  (limit) 
Py  =  3,550  lb.  (limit) 
Pz  =  14,800  lb.  (limit) 


(Ref.  Figure  3,  page  12) 


M  =  47,000  in-lb.  (limit) 

Hy  *  166,500  in- lb.  (limit) 

5VrV4-!2P>t6'5P< 

=  166,500+  (4.32)(l4800) 
+  (6.5)(93,200) 

=  836,500  in- lb.  (limit) 
13P 

^"x-x  -  «x  +  s1 

.  47,000  ♦  WMp> 

=  70,100  in- lb.  (limit) 
(Jtz  =  4.32P  =  (4.32)(3550) 

*  15,350  lb- in.  (limit) 


I 


Figure  12.  Main  Engine  Mount 
Section  3-3  Loading  Sketch 
(Cond.  3). 


4. 1.2. 2. 6. 3  Stress  Analysis  (at  point  A) 

Rotor  Limit  Speed  Condition;  - 

^  =  890,000  in- lb.  (limit) 

fb  =  =  54,000  p.s.i.  (limit) 


The  shear  load  is  assumed  to  be  carried  by  the  two  members  extending 
along  the  x-axis. 

A  =  2(8.925  -.547  -  2.16)  =  12.44  in2 

s 

Px  =  136,000  lb.  (limit) 
fs  =  "g^4°  =  10'900  P'8'1' 


Rie  material  properties  are  obtained  from  page  13,  and  are  used  in  the 
stress  ratios  presented  below. 


(1.5  X  54,000)  _ 

127,666 


.638  , 


R 


s 


(1.5)(10,900) 

74,000 


.221 
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Combining  the  stress  ratios  vectorially,  the  margin  of  safety  is: 


M  =  836,500  in- lb.  (limit) 

Pby  =  =  50,700  p.s.i.  (limit) 


M  =70,100  in- lb.  (limit) 

XX  | 

Fbx  =  “  2,760  p.s.i.  (limit) 


Qto  determine  the  torsional  stress  distribution  into  the  two  members 
extending  along  the  x-axis,  the  member  thicknesses  are  reduced  by  the 
area  of  the  removed  material. 


1.045  in. 


=  15,350  lb-in.  (limit) 


t  ,  JSL  s  . — JL2i _ 

8T  Ebt2  (5.95)(1.045)2(2)  +(3.3)(-58)2 
*  3,250  p.s.i.  (limit) 


fsx  =  =  7,500  p.s.i.  (limit) 


fBy  ■  -  1,800  p.B.l.  (limit) 

f.  =  ’  1>030  p-6-1- 


The  maximum  compressive  stress  is: 

fcmx  "  \  +  f^x  +  fc  "  5^p5°°  P*8*1*  (limit) 
The  maximum  shear  stress  is: 


fsmx  =  f8T  +  fBx  +S  "  12 ^  P*8,i* 


Combining  the  compressive  and  shear  stresses  vectorially,  the  margin  of 
safety  is: 

«•*.  -  rj-'Tj-  - 1  - 

K  +  Rs 
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4. 1.2. 2. 7  Heat-Expansion- Fitting  Stress  Investigation 


The  heat  expansion  fitting  is  designed  to  rotate  in  the  x-z  plane  due  to 
engine  thermal  expansion.  It  can  carry  tension  or  compression  loads  and 
bending  moments  about  the  x  or  z  axis. 

4. 1.2. 2. 7-1  Loading  Analysis 

Rotor  Limit  Speed  Condition: 

Px  =  68,300  lb.  (limit)  (Ref.  page  l6) 

Rotor  Overspeed  Operation  -  Both  Engines  Operating: 

The  loading  imposed  during  condition  3  is  obtained  from  Figure  3  pre¬ 
sented  on  page  12. 

P^.  «  93,200  lb.  (limit) 

Pv  -  3,550  lb.  (limit) 

Pz  =  14,800  lb.  (limit) 

Mx  =  47,000  in-lb.  (limit) 

M  *=  166,500  in-lb.  (limit) 

y 

The  heat  expansion  lug  on  the  lower  engine  attachment  is  critical. 


P 

x 


+  jl 

2  13 


P 

_JL 

2 


M 

+  -S 
:-3 


21i|20  +  »  59,1*00  lb.  (limit) 

+  AL2P.Q  =  5,1*00  lb.  (limit) 


4. 1.2. 2. 7. 2  Engine-Fitting  Stress  Analysis 
Rotor  Limit  Speed  Condition: 

Px  =  68,300  lb.  (limit) 

For  link  tensile  tear-out: 

At  =  (2) (1.15  -  .72) (1.3) (2)  =  2.24  in2 

ft  “  =  30,500  p.s.i.  (limit) 
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For  link  shear-out: 


A  =  A.  =  2.24  in2 
s  t 

fs  =  =  30,500  p.s.i.  (limit) 

u  q  -  7^,000  .  _ 

(1.5)130,500)  '  1  ' 


Rotor  Overspeed  Operation  -  Both  Engines  Operating: 

Px  =  59,400  lb.  (limit) 

The  engine- fitting  lugs  are  satisfactory  for  the  condition  3  loads  by 
comparison  to  the  higher  loading  developed  during  the  rotor  limit  speed 
condition. 


4. 1.2. 2. 7*3  Section  4-4  Stress  Investigation 


4.1.2.2.7«3«1  Section  Properties 
A  =  (2.0)(.78)  =  1.56  in2 
_  (2.0X.78)3 

y-y  12 

4 

=  .079  in 


I 


z  -2 


-  (.78X2.O)3 
12 

4 

=  .52  in 


4. 1.2.2. 7*3.2  Loading  Analysis 


Figure  l4.  Expansion  Fitting  - 
Section  4-4  Geometry. 


Rotor  Limit  Speed  Condition; 

P  =  =  34,200  lb. 

2  (limit) 

Mz  =  (.30X34,200) 

=  10,260  in- lb.  (limit) 

Px,  =  Pxc»s35°=  34,200 cos  35° 
=  28,000  lb.  (limit) 

P  ,  =  Px  sin  35°=  34,200  sin  35° 

=  19,600  lb.  (limit) 


Figure  15.  Expansion  Fitting  - 
Section  4-4  Loading  Sketch  (£ond.  1) . 
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Rotor  Overspeei  Operation  -  Both  Engines  Operating: 


P 

x 


M 


z 


=  29,700  lb. 
(limit) 

-  2,700  lb. 
(limit) 

(•30)Px  +  (3.0)P 
(•3)(29,700)  +  (3)(2,700) 
17,000  in- lb.  (limit) 


P  ,=  P  cos  55°  +  P  sin  55° 
y  x  y 

=  29, TOO  cos  55°  +  2, too  sin  55° 
-  17,000  +  2,200 
=  19,200  lb.  (limit) 

Px,=  Px  sin  55°  -  Py  cos  55° 

»  29,700  sin 55°-  2,700  cos  55° 


-y' 


*  24,300  -  1,600 

=  22,700  lb.  (limit) 


Figure  l6.  Expansion  Fitting  - 
Section  4-4  Loading  Sketch  (Cond.  3). 


4.1.2.2.7-3-3  Sr.ress  Analysis 
Rotor  Limit  Speed  Condition: 

*b  -  *  50,600  p.s.i.  (limit) 

ft  "  "  l8>000  P-s-i.  (limit) 

fs =  s  L2»6EX)  p-3-1-  (limit) 


The  material  properties  are  obtained  from  page  13  of  this  report  and 
are  used  in  the  stress  ratios  presented  below. 


Rb 


(1.3) (50,600  +  16,000)  = 
127,000 


.810 


Combining  the  bending  and  shear  stress  ratios,  the  margin  of  safety  is: 


M.S. 
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Rotor  Overspeed  Operation  -  Both  Engines  Operatin 


fb  =  =  84,000  p.s.i.  (limit) 

ft  =  -  14,600  p.s.i.  (limit) 

f  =  19,200  =  12,300  p.s.i.  (limit) 

8  I.56  ' 


The  bending  modulus  of  rupture  factor  for  rectangular  sections  is  1.5 
(Ref.  6,  page  320).  Using  the  1. 5  bending  modulus  of  rupture  factor, 
the  bending  stress  ratio  is: 

\  -  •«* 


Et  - 


=  .1725 


127,000 


Rs  =  (1.?) (12, 300)  =  .25 

74,000 

The  margin  of  safety  is  obtained  by  combining  the  shear  stress  ratio 
with  the  bending  and  tensile  stress  ratios. 


v\  ♦  v2«; 


4. 1.2. 2. 7-4  Mount "Fitting-Lug  Stress  Analysis 


Rotor  Limit  Speed  Condition: 


=  68,300  lb.  (limit) 


For  link  tensile  tear -out: 


At  =  (3- 0 ) (1.15  -  .72) (2)  -  2.58  in2 
f.  =  68,300  =  2b,500  p.s.i.  (limit) 

1  2.58 

M-S-  "  {l.5)Ill?50O)  ‘  1  " 


2.20 


For  link  shear-out: 


A  «=  A.  =  2.58  inc 
s  t 

68,300  ^  , 


fs  -  =  26,500  p.s.i.  (limit) 


M.S.  = 


74,000 
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Rotor  Overspeed  Operation  -  Both  Engines  Operating: 


Px  =  59,400  lb.  (limit) 

The  mount- fitting  lug  is  satisfactory  for  the  condition  5  loads  by  com¬ 
parison  to  the  higher  loading  developed  during  the  rotor  limit  speed 
condition. 

4. 1.2. 2. 8  Section  5~5  Stress  Investigation 

Note:  The  four  .25" inch 
thick  webs  are  neglected 


Figure  17-  Main  Engine  Mount  -  Section  5*5  Geometry. 

4. 1.2. 2. 8.1  Section  Properties 

A  =  (7.3)(ll.OO)  -  (3.2)(10.2)  -  2[(1.52)(9.4)  +  (,53)(10.2)] 

=  80.50  -  52.6  -  2(14.5  +  5.4)  =  80.50  -  72.00 

=  8.50  in2 

t  _  (7.3)(ll.O)3  (5.2)(10.2)3  nf(l.5)(9.4)3  (.53)(10.2)3  1 

y-y  12  ''12  |  12  +  12  J 

=  810  -  285  -  2(105  +  47)  =  8l0  -  587  =  223.0  in11 
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I2  2  =  (u-°H7-?)3  .  qo^il  ,g[(9.^)(1.52)3  +  (lll.5){2.}6)2  + 

+  (5.-.)(3.38)2] 

=  356- 27.9-2(2.85+ 79*8 +  .13 +61.7)  =  356-27.9  -  288.8 
4 

=  39.3  in 

4.1.2. 2. 8. 2  Loading  Analysis 
Rotor  Limit  Speed  Condition: 

PCT  =  308,700  lb.  (limit)  (Ref.  Fig.  1,  page  10) 

Rotor  Overspeed  Operation  -  Both  Engines  Operating: 

From  Fig.  3,  page  12: 

Px  =  212,100  lb.  (limit) 

Py  =  7,100  lb.  (limit) 

P  =  29,600  lb.  (limit) 

z 

Mx  =  94,000  in-lb.  (limit) 

M  =  710,000  in-lb.  (limit) 

y 

Figure  18-  Main  Engine  Mount  - 
Section  5*5  Loading  Sketch  (Cond.3). 

4. 1.2. 2. 8. 3  Stress  Analysis 
Rotor  Limit  Speed  Condition: 

A  =  8.30  in2 

ft  =  %  =  =  37, 200  p-6-1-  (limit) 

Using  a  1.15  weld  factor,  the  margin  of  safety  is: 

M  S  -  127,000  ,  _  p8 

M*S*  (1.15)(1.5H37,200j  '  1  ,9b 

Rotor  Overspeed  Operation  -  Both  Engines  Operating: 

A  =  8.30  in2,  Iy_y  =  223  in4,  Iz_z  =  39-3  in4 
Cy  =  5.5  in.  Cz  =  3.65  in. 


30 


s  =  =  17,500  p.s.i.  (limit) 

^st  I  -  =  3’080  p-s-1- (llmlt) 

where:  K  =  ( -U) (10 .6) (3-6)  =  15.25  in5 

fSz  =  ^fp a  3^7D  p-5-1- (limit) 

ft  =  =  25,600  P-s. i.  (limit) 

Using  a  1.15  weld  factor,  the  ultimate  stress  ratios  are: 

»  „  (i.i;)(i.;)(i7.5oo  j  a;. 6oo)  ,  6 

D  127,000 

R  -  (i.l?)(l.5)p.oao  ->3.570)  .  ,« 

“e  71,000  55 

Combining  the  bending  and  shear  stress  ratios,  the  margin  of  safety  is: 


M.S.  = 


K 


^  +  r"5 


1  = 


.68 


4. 1.2. 2. 9  Engine-Mount- to-Blade- Tip  Attachment  Lugs 

Material  properties  for  T1-6AL-4V  titanium  alloy  are  obtained  from  page 
13.  . 

At  k)0  F.:  Ftu  =  127,000  p.s.i. 

F  =  74,000  p.s.i. 
su  ’ 

4. 1.2. 2. 9»1  Loading  Analysis 


Rotor  Limit  Speed  Condition: 

Pcp  =  303,700  lb.  (limit)  (Ref.  page  10,  Figure  l) 
Rotor  Overspeed  Operation  -  Both  Engines  Operating: 


The  condition  5  loading  is  obtained  from  page  12,  Figure  3* 


Px  =  212,100  lb.  (limit) 

Py  =-  7,100  lb.  (limit) 

Pz  =  29,600  lb.  (limit) 

Mx  =  94,000  in-lb.  (limit) 
^  =  710,000  in- lb.  (limit) 
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It. 1.2.2. 9.3  Inner -Lug -to -Mount -Weldment  Stress  Analysis 
Preliminary  analysis  has  established  condition  3  to  be  critical. 
Weld  area  =  (U)(.20)(5. 50-  2.125)  =  2.70  in2 

px  =  =  "^75° lb* (limit) 

ffl  -  =  37,000  p.s.i.  (limit) 

Using  a  1.15  weld  factor,  the  margin  of  safety  is: 

„  _  7<*,000 

M-s-  -  (l.l5)(i:5j(37;ooo)  -  1  - 

4. 1.2. 2. 9*^  Section  6-6  Stress  Analysis 

Preliminary  analysis  has  established  condition  3  to  be  critical. 

Area  =  (2)(l.60)(.85)  =  2.72  in2 
Px  =  99,750  lb.  (limit) 

ft  =  9|^°  =  36,700  p.s.i.  (limit) 

M‘s*  (l.5)(35,700)  '  1 

4. 1.2. 2. 9. 5  Bolt  Hole  Stress  Analysis 
The  load  per  bolt  is: 

P  =  99^750  =  lb>  (limit ) 

Lug  Tension  Tear-Out: 


.16 


1.31 


The  lug  tensile  load  is 
conservatively  assumed  to 
be  carried  as  shown  in  the 
loading  sketch. 


P  =  50^000  =  25 ^ 000  lb. (limit) 
P  =  (l.00)(.80)  =  .80  in2 

ft  =  =  51’200  p’6,i* 

t  *a0  (limit) 


Figure  20.  Inner  Lug  Loading 
Distribution. 
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Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 


M  «.  _  127,000  ,  _ 

M*S*  (1.15)(1.5)(31,200J  ' 


Lug  Shear-Out: 


Shear  area:  A  =  (2 )(.8C)(l.3i)  =  2.10  in^ 
f s  =  =  23,800  p.s.i.  (limit) 

Using  a  fitting  factor  of  1.15,  the  margin  of  safety  is: 

m  s  7^,ooo  ,  . 

M,s*  (1.15 X l •5X23, Boo J  "  1 


1.36 


.80 


4. 1.2. 2. 9.6  Outer  Lug-to-Mount  Weldment  Stress  Analysis 

This  portion  of  the  main  engine  mount  stress  analysis  is  satisfactory  by 
comparison  to  the  inner  lug  to  mount  weldment  stress  analysis. 

4.1.2.2.10  Main  Engine  Mount  to  Blade  Tip  Attachment  Bolt  Analysis 

Bolt  dia. :  =  1.375  in. 

Mat‘l  type:  HI  T1  20  series  bolts 

The  material  properties  are  obtained  from  page  l4  of  this  report. 

At  400°  F.  temperature:  F^  =  l6o, 000  p.s.i. 

F  =  96,000  p.s.i. 

su 

4.1.2.2.10.1  Bolt  Shear  Stress  Analysis 

A  =  £  (1.375 f  =  1.485  in2 

Preliminary  analysis  has  established  condition  3  to  be  critical.  The 
load  per  bolt  is: 

?x  =  99,750  lb.  (limit)  (Ref.  page  33) 
fB  =  =  33,600  p.s.i.  (limit) 

Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

w  o  96,000 

*  =  (1.15)  (1.5  )133, 600)  ’  1  =  * 
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k. 1.2.2. 10.2  Bolt  Bending  Stress  Analysis 


The  method  of  analysis  used  in  determining  the  bolt  bending- stress  level 
is  obtained  from  pages  l60  through  l64  of  Reference  9*  In  the  following 
analysis,  the  applied  load  is  assumed  to  "peak-up"  on  the  inner  lug  near 
the  shear  planes  rather  than  be  carried  as  a  uniform  load  across  the 
inner  lug. 


P/2 

P/2 


Figure  21.  Bolt  and  lug  Loading  Sketch 
Main-Mount -to -Blade -Tip  Attachment 


Lug  material  properties: 


Ft  =  127,000  p.s.i. 

F  =  7^.000  p.s.i. 

su  ’ 

d  =  1.38  in. 

D  =  1.58  in. 

W  =  3*6  in. 
a  =  2,1  in. 


t±  =  .80  in. 

tg  =  1.00  in. 


1.58 

^55 


=  1.31 


f  a  1 1  D  T2.1  111, 

r  =  U  '  2  J  t2  =  Li3H  "  2  J 1. 

Abr  =  Dtg  =  (1.38X1.00)  =  1.58  in2 
At  =  (W-D)tg  =  (3.6-1.58)(l.OO)  =  2.02  in2 
F  „  =  (1.58 )(lb, 000)  =  117,000  lb. 


*bru  ”  \r  su 


P' 

tu 


=  At  Ft  =  (2.02) (127000)  =  263,000  lb. 
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Lnce 


rbr, 


<  P 


u 


tu 

*»*,  -  Kr.  -  W.OOO  It. 


urain 


v 


•59; 


tu 


T  *  .28  (Ref.  9,  page  162,  Figure  4) 

b  =  t +  r(T)  =  ^  +  (-23){iir)  a  *47  in 

M  =  (~)b  =  (,47)  =  23,1*00  in- lb.  (limit) 

Z  =  .2552  in5 

fb 


f*  =  -  91,800  p.s.i.  (limit) 


Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

w  q  _  160.000 _  -  _ 

M'S*  (  1 . 15)  (  1  ^5)  (  91 ,800)  1  ' 


.01 


4.1. 2. 3  Aft  Engine  Mount  Stress  Analysis  -  (Ref.  Volume  III,  Figure  21) 

Tills  portion  of  the  main  rotor  system  stress  analysis  is  concerned  with 
the  static  structural  substantiation  of  the  aft  engine  mount.  Including 
the  engine  and  the  blade- tip- to-mount  attachments. 

The  material  properties  presented  below  are  obtained  from  Reference  10. 
Material  type:  fl-6AL-4v  titanium  alloy 


At  room  temperature: 


F.  =  162,000  p.s.i. 
tu  J  * 

F  =  94,000  p.s.i. 
su  ’  * 


(Ref.  10,  page  39) 


At  400  F.  temperature: 


Ftu  »  (.785) (162 ,000) 


127,000  p.S.i.  |  (Ref>  1Q^  pageg  ^ 

F  =  (.785) (94 ,000)  =  74,000  p.s.i.  j 

DU 

4. 1.2. 3*1  Loading  Analysis 

From  a  review  of  References  1  and  2,  the  critical  aft  engine  mount  loads 
occur  during  the  rotor  overspeed  operation  viuh  both  engines  operating. 

A  loading  analysis  is  presented  in  each  section  and/or  components  analy¬ 
sis  . 
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4. 1. 2. 3. 2  Engl ne-tc-Mcunt- Attachment  Bolts 


.625  dla,  belts,  NAS  464,  A  =  .306?  Jr*,  Z  *  .024  In5 
Mat’l  type:  7AL-12ZR  titanium  alloy 
The  material  properties  presented  belov  are  obtained  from  Peference  12. 

At  400°F.  Temperature: 

F.  =  (-97)(l1+5.000)  =  111, 000  p.s.i. 

VU 

F  =  {.97)(9C>000}  .=  87,000  p.s.l. 

su 

The  max iuuta  bolt  load  is  obtained  from  Figure  3  presented  on  page  12. 
Ty  »  2,600  lb.  (limit) 

Bolt  Shear  Stress  Analysis: 

The  bolt  is  loaded  in  double  shear. 

K  =  (2) (.JCbO)  »  .6136  in2 

f  =  =  4,250  p.s.i.  (limit) 

Using  a  1.15  fitting  factor,  the  margin  of  safety  is; 

87,000  ,  . 


Bolt  Bending  Stress  Analysis: 

The  method  of  analysis  used  in  determining  the  bolt  bending  stress  level 
is  obtained  from  pages  l6C  through  l64  of  Reference  9*  In  the  following 
analysis,  the  applied  load  is  conservatively  assumed  to  be  carried  as  a 
uniform  load  across  the  lugs. 

P  =  2,600  ib.  (limit) 
b  =  .125  +  .225  +  .1575  =  .4875  in. 

M  =  |  (b)  =2-4r^  (-4875)  =  6>4  in-lb.  (limit) 

*b  =  m  ~  ^6>400  P>s>i*  (limit) 

Using  a  fitting  factor  of  1.15,  the  margin  of 

M  q  -  i4l,000 

M’S*  "  (1.15)(ir5)(26,400)  ' 


safety  is: 
1  = 


2.10 


4. 1.2. 3*3  Engine -to -Ait -Mount  Attachment  Links 


The  aft-mount -to -engine  attachment  lugs  are  designed  to  carry  axial  ten¬ 
sion  or  compression  loads.  Freedom  of  movement  is  provided  by  a  spheri¬ 
cal  or  monoball  type  bearing. 

Material  type:  T1-6AL-4V  titanium  alloy 

The  material  properties  presented  belov  are  obtained  from  page  13. 

At  400°F.  temperature :  F^  =  127,000  p.s.i. 

F  =  74,000  p.s.i. 

su  * 


4. 1.2. 3.3.1  Loading  Analysis 

Px  =  2,600  lb.  (limit) 

4. 1.2. 3* 3* 2  Lug  Shear  Stress  Analysis 

Shear  area:  A  =  (2)(<15)(.55)  =  .1&5  in2 
s 

f s  =^5  «  15,800  p.s.i.  (limit) 

Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

„  ">*,000 

M-s-  ■  {irr5Ki'3)TOBW7 ' 1  ~ 


4. 1.2. 3* 3. 3  Lug  Tensile  Stress  Analysis 

o 

Tensile  area:  A  -  .165  in 
ft  15,800  p.s.i.  (limit) 


Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

U  q  127,000  ,  . 

M,S*  ”  (l.l5){l.5)(i5,86o)  "  1 


1.72 


3.66 


4, 1.2. 3*4  Engine  to  Aft  Mount  Attachment  Lugs 
Material  type:  T1-6AL-4V  titanium  alloy 

The  material  properties  presented  belov  are  obtained  from  page  13. 

At  400°  F.  temperature: 

Ftu  -  127,000  p.s.i. 

F  =  74,000  p.s.i. 

su  •  ’  * 
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4. 1.2. 3.4.1  Loading  Analysis 

P  -  2,600  lb.  (Unit ) 
x 

4. 1.2. 3. 4. 2  Lag  Shear  Stress  Analysis 

Shear  area:  A  =  (2)(.25)( .48)(2)  =  .48  in2 
8 

f  =  -  0,420  p.s.i.  (limit) 


Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 


M.S.  -  7T-7gTf 


74^000 


1.15){i.5l(  420) 


-  1  = 


High 


4. 1.2. 3. 4. 3  Log  Tensile  Stress  Analysis 


The  lug  is  satisfactory  for  the  applied  tensile  stress  by  comparison  to 
the  shear  stress  analysis  presented  above. 


4. 1.2. 3. 5  Section  7*7  Stress  Analysis 
Section  Properties: 

A  =  (2) (2.0) (.3)+ (.2) (2. 3  ) 

=  1.2  +  .46 

=  1.66  in2 

Ixx-  t2[ia^M£.(2)(.,)(1.?)g] 

=  .2025  +  2(.C045  +  1.015)  =  2.24  in11 

Loading  Analysis: 

M  =  8.8Px  =  (8.6)(2,600) 

=  23,900  in- lb.  (limit) 

Shear  load: 

P  =  P  cos  45°=  2,600  cos  45° 

S  X 

=  1,840  lb.  (limit) 

Compressive  load: 

P  =  P  sin  45° 
c  x 

=  1,840  lb.  (limit) 


Fig,  22.  Aft  Engine 
Mount  -  Section  7" 7 
Geometry . 


Mount  -  Section  7" 7 
Loading  Sketch. 
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Stress  Analysis: 

fb  =  =  x5,500  p.s.i.  (limit) 

fs  =  =  1>110  P-3-1*  (limit) 

fc  =  yUr  =  1,110  P-s*1*  (limit) 

Coiaibining  the  bending  and  tens ile  stress  directly,  and  using  the  material 
ultimate  tensile  and  shear  strengths,  the  stress  ratios  are: 

Rs  =  (1,7$(M10)  *  -0225 


M.S.  * 


K 


-  1  = 


+  R 


High 


4, 1.2. 6  Aft- Mount- to-Blade- Tip  Attachment  Lug 
Loading  Analysis: 

=  8,050  lb.  (limit)  (Ref.  Figure  3,  page  12) 

The  load  per  lug  is: 

P  =  =  4,025  lb.  (limit) 

Log  Shear-Out  Stress  Analysis: 

The  shear  area  is  conservatively  taken  as  the  tensile  area. 

A  =  (2) (1.75  -  .825) (.5) (2)  =  1.85  in2 

b 

f s  =  »  2,180  p.s.i.  (limit) 


Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

„.S.  ,  - CbOOS. 


(l-15)Il.5)(Z,10o7  '  1  " 


High 


The  remainder  of  the  aft  mount  system  is  satisfactory  by  inspection. 

4. 1.2. 3. 7  Aft-Engine-Mount- to-Blade- Tip  Attachment  Bolts 

.625  dia.  bolts,  type  NAS  464 
Mat'l  type:  7AL-12ZR  titanium  alloy 
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MKUjffa* 


P  =k, 05G  it.  (liniit ) 


A  =  .3064  in  ,  Z  =  .024  in'3, 

At  U00°F.  temperature:  F  =  141,000  p.s.i. 

tu 

F  =  87,000  p.s.i. 

su  ’ 

Bolt  Shear  Stress  Analysis: 


(Ref.  page  37) 


The  holt  is  loaded  in  double  shear. 

A  =  (2)(.3068)  =  .6136  in2 
s 

«b  =  !&§i=  6>5T°  P*5*1*  (limit) 
Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

m  q  =  87,000  .  _ 

M,S-  (1.15)11.5716570)  ‘  1  ' 


Bolt  Bending  Stress  Analysis: 


The  method  of  analysis 


F,  =  127,000  p.s.i.,  F  =  7^,000  p.s.i. 
tu  ’  ’  su  ’ 

P^r  =  (.825) (7^-, 000)  =  61,000  lb. 

Ptu  =  (*925X127, 000)  =  118,000  lb. 

P^  =  61,000  lb. 


•  • 


■U, 


nan 


61,000  „  _Q_ 

( .625) (126,500)  *585 


Kbr'tux 
P  =  9,220  lb.  (limit) 

T  =  .68  (Ref.  9,  page  162,  Figure  4) 

r  “  [d  *  1]^ =  [ife  -  l]i^  “  -217 

‘4*r(T)"f  *  <•«)  Hr  "  •1‘2  ln- 


D  = 
d  = 

W  = 
a  = 


'• 


A^r  *  Dtg  =  ( .825) (1.00)  =  .825  in2 
At  =  (W-D)(t2)  =  ( .925) (l-00)  =  .925  in2 

M  -  |  (b)  -  Mp*  (.42)  *  845  in- lb.  (limit) 
84*1 

fb  =  Jg  =  35,200  p.a.i.  (limit) 


.825  in. 
.625  in. 
1.75  in. 
.85  in. 

.50  in. 

1.00  in. 


Using  a  fitting  factor  of  1.15,  the  margin  of  safety  is: 


M.S. 


141,000 

(1.15)(1.5)(35,200) 


4.1.5  Main  Rotor  Blade  Tip  Engine  Retention  Structure  -  (Ref.  Volume 

III,  Figure  8) 

This  portion  of  the  main  rotor  system  stress  analysis  is  concerned  with 
the  static  structural  substantiation  of  the  main  rotor  blade  tip,  in¬ 
cluding  the  engine  mount  system  pickup  fittings  and  their  attachment  to 
the  blade  tip.  The  blade  tip  is  analyzed  in  order  of  force  transmission 
progressing  from  the  engine  mount  system  attachments  to  the  blade  pri¬ 
mary  structure. 

The  blade  primary  structure,  including  the  engine  mount  system  pickup 
fittings,  is  constructed  of  TI-8AL-IM0-IV  titanium  alloy  Hie  material 
properties  presented  below  are  obtained  from  Reference  11. 

Material  type:  TI-8AL-IM0-IV  titanium  alloy 

F^.u  =  150,000  p.s.i.  E  =  18.5  x  10  8  p.s.i. 

F  *  .57F.  =  7^,000  p.s.i. 

su  ^ '  tu  *  r 


4. 1.5.1  Loading  Analysis 

From  a  review  of  Section  4. 1.2.1,  the  maximum  blade- tip  loading  occurs 
during  the  rotor  limit  speed  condition  and  during  the  rotor  overspeed 
condition  with  both  engines  operating. 


1 


* 


t 
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The  engine-mount -system  loads  presented  in  Figures  1,  2,  and  3  are  appli¬ 
cable  to  the  blade  tip  and  attachments,  and  are  used  in  the  blade  tip 
analysis . 

4. 1.3.2  Engine-Main-Mount  Pickup  Fittings 
4. 1.3. 2.1  Lug  Analysis 

The  pickup- fittings  lugs  are  analyzed  for  shear  tear-out  during  the  rotor 
overspeed  operation-both  engines  operating. 

P  =  99,750  lb.  (limit)  (Ref.  page  33.) 

Shear  area:  A  =  (2 )(l.35 )(l*00)  =  2.70  in^ 
s 

fs  =  =  56,900  p.s.i.  (limit) 

Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

74,000 

M‘S*  (1.15)(1.5)(36,900)  "  1  -[--  - . 

The  attachment  lugs  are  satisfactory  for  the  applied  tension  and  bearing 
loads  by  comparison  to  the  lug  shear  analysis  presented  above. 


4. 1.3. 2. 2  Section  8-8  Stress  Investigation 

The  section  under  analysis  is  located  on  Drawing  Number  1108-532,  pre¬ 
sented  as  Figure  26  on  page  44. 

4. 1.3. 2. 2.1  Section  Properties 

Note:  No  scale 

.z 


Figure  25. 


Upper-Main-Mount  Pickup  Fittings  -  Section 
8-8  Geometry. 
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kk 


A  =  .25(14.  1  +  1.95  +  3.6  +  1.95)  =  5-40  in 

IM  -  .a[U-9 ♦  (,25)(1.95)(4.6)2 ]  +  1M1MS): 

=  54.4  +  2(.003  +  10.3)  +  .005  =  75.0  in4 

T  _  (.25)(i4.1)(.125)+  2(.25)(1.95)(1.225)  +  ( .25 )(3.6)(2.05) 


5.40 

-  V846  =  .401  in. 

Vy  =  ~ +  (3.525 )( *276 )2  +2[  (»2^)(^-93>3  +  (. 4875 )(. 824 )2J 

Ll%i£  ♦  (.9)(i.e*9)2 
=  .0184 +  .269  +  2  (.1545  +.331)  +  .971  +  2.45 

,  4 

=  4.70  in 

4. 1.3. 2. 2. 2  Loading  Analysis 
Rotor  Limit  Speed  Condition: 

PCF  =  308,700  It.  (limit)  (Ref.  page  10,  Figure  l) 

Load/ fitting:  P  =  3PQ*2.°°  =  154,400  lb.  (limit) 


Rotor  Overspeed  Operation  -  Both  Engines  Operating: 


The  engine-mount-pickup- 
fittings  loads  presented 
below  are  obtained  from 
Figure  3,  page  12, 

Px  =  212,100  lb.  (limit) 

Py  =  7,100  lb.  (limit) 

Pz  =  29,600  lb.  (limit) 

Mx  =  94,000  in- lb.  (limit) 
M  =  710,000  in-lb.  (limit) 

y 


C.G.  upper  lug  bolt  holes 


,7'U 


outbd  y 


- 1 

C.G.  lower  lug  bolt  holes 
Rotor  Sta.  648.00 

Figure  27.  Engine-Mount-Pickup  -  Fittings 
Loading  Sketch  (Cond.  3) 
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The  upper  lug  loading  is  established  below. 

P*u  ■  r  +  %  “  *  2^522  -  W,500  It.  (limit) 

P 

P2  =  —  =  £2^22  =  14,800  lb.  (limit) 


P  Jl  +  M*  7 A00  ,  9^,000 

pyu  '  f  Tj5 - T  = 


15930  lb. (limit) 


The  applied  loads  at  Section  8-8  are: 


Px  =  199,500  lb.  (limit) 

Py  =  .14,800  lb.  (limit) 

P  =  15,930  lb.  (limit) 
z 

M  =  (3.3 )(l4,800)  =  48,800 
y  in- lb.  (limit) 

M  =  (3.3) (15930)=  52,600  in- lb. 

(limit) 


Fig.  28.  Section  8-8  Loading 
Sketch  -  (Cond.  5) 


4. 1.3. 2. 2. 3  Section  8-8  Stress  Analysis 


Rotor  Limit  Speed  Condition: 


Px  =  154,400  lb.  (limit) 

ft  =  =  28 > 600  Psi  (limit) 


M.S. 


130,000 

(1.5X28, bOO) 


Rotor  Overspeed  Operation  -  Both  Engines  Operating: 


Px  =  199,500  lb.  (limit) 

Py  =  15,930  lb.  (limit) 

Pz  =  14,800  lb.  (limit) 

My  =  48,800  in-lb.  (limit) 

M  =  52,600  in-lb.  (limit) 

z 

ft  =  =  57'000  p,s,i'  (limit) 


2.03 
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The  shear  stress  due  to  P  is  assumed  to  be  carried  by  the  three  verti¬ 
cal  flanges. 

As  =  (.25)(1.95  +  i.95  +  3.6)=  1.875  in 


fsz=  =  7^900  p-s,i-  (limit) 

The  shear  stress  due  to  P  is  assumed  to  be  carried  by  the  horizontal 
flange.  y 

A  =  (.25) (1^.10)  *  3-525  in 

D 

fsy  =  ^^3  =  ^52C  p.s.i.  (limit) 

=  =  35,800  p.s.i.  (limit) 

^  -  >,950  -  -.1.  (Unit) 

The  maximum  combined  stresses  occur  at  point  "A"  as  defined  in  Figure 
25  on  page  43. 


V  -  f,  +  fbt 


72,000  p.s.i.  (limit) 


nt  _t  "“W 

fsmx  =  7fS°°  P*S,i*  (limit) 

The  stress  ratios  are: 

R  ,  (i.?)(7g,aoo)  , 

t  130,000  • 

g  -  (1-5)(7.900)  „  l6o 

s  74,000  ,1“ 

Combining  the  tensile  and  shear  stress  ratios,  the  margin  of  safety  is: 

1 


M.S.  * 


R 


2  +  R  2 


-  1  = 


•  IT 


4, 1.3. 2. 3  Section  9~9  Stress  Investigation 

From  a  review  of  Figure  26  on  page  44,  both  the  upper  and  lower  engine 
mount  fittings  are  considered  to  act  as  a  unit  at  Section  9~9  due  to 
doubler  installations. 

4. 1.3. 2. 3.1  Section  Properties 

A  =  (2) ( .25) (l4.1  +  1.95  +  1.8  +  l-95)=  9.90  in2 


f  -  ♦  2  [iua. ♦  (.g)(i.»)(».6)g]tii^Lsa: 
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Note:  No  Scale. 


Figure  29*  Section  9-9  Geometry. 
1  *  2  [5^ .4  +  2(.003  +  10.3)  +.0025]  =  150  in^ 


JLzl 

2 


-  +(3.525)(5.425)2  +  : 


(.2$)(i.9?r 

(.25X1.8)3 

12 


+  (.4875)^.325  )2]  + 

+  (.45)(4.4o)2 


ly.y  *  2 [.0184  +  104  +  2(.1545  +  9-13)  +.122  +  8.7]  =  263  in 


4. 1.3.2. 3- 2  Loading  Analysis 
Rotor  Limit  Speed  Condition: 

PCF  =  308,700  lb.  (limit)  (Ref.  Fig.  1,  page  10) 

Rotor  Overspeed  Operation  -  Both  Engines  Operating: 

The  engine -mount -pickup  -  fittings  loads  presented  below  are  obtained  from 
Figure  3,  page  12. 

Fx  =  212,100  lb.  (limit)  Mx  »  94,000  in- lb.  (limit) 

Py  =  7,100  lb.  (limit)  My  =  710,000  in-lb.  (limit) 

P  =  29,600  lb.  (limit) 

z 
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The  engine  mount  fittings  loading  due  to  an  applied  load  in  the  z-direc- 
tion  is  shown  in  Figure  JO  presented  "below. 


Ib. 


in- lb. 


Figure  JO.  Engine- Mount -Fittings  Loading  Diagrea. 
The  applied  loading  at  Section  9~9  is : 

Px  =  212,100  lb.  (limit) 

My.y  -  My  +  Ull  (350,000)  =  710,000  +  3^5,000 

«  1,055,000  in-lb.  (limit) 

Torsion:  T  =  Mx  =  94,000  lb- in.  (limit) 

Shear:  =  12,400  lb.  (limit) 

z 
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1.3. 2.3*3  Stress  Analysis 


Rotor  Limit  Speed  Condition: 


Px  *  508JOO  lb.  (limit)  (Ref.  page  48) 
A  =9*90  in2  (Ref.  page  47) 

ft  =  =  31,200  P'6,i' 


M.S.  = 


130,000 

;  1.5X31, 20c 


-  1  = 


rerspeec 


Px  =  212,100  lb.  (limit)  (Ref.  page  49) 
=  2*fLA°?  =  ( limit) 


M  =  1,055,000  in-lb.  (limit)  (Ref.  page  49) 

fb  »  =  22,200  p.s.i.  (limit) 

The  shear  load  due  to  P  is  assumed  to  be  carried  by  the  six  vertical 
flanges .  * 

Ab  =  (.25)(l.95  +  1.8  +  1.95)(2)  «  2.85  in2 
P„  =  12,400  lb.  (limit)  (Ref.  page  49) 

fg  -  =  4,350  p.s.i.  (limit) 


The  trrsional  shear  stress  is  assumed  to  be  carried  by  the  two  horizontal 
members .  r 

A_  =  (.25)(l4.l)(2)  =  7.05  in* 


T  =  94,000  lb- in.  (limit)  (Ref.  page  49) 

f  s  JL.  =  .  vr2Stu.2fffi .. — __  =  616  p.s.i.  (limit) 
st  2AL  (2 }(7.05)(l0.b5 )  y  ' 


The  maximum  tensile  stresses  are: 


f.  =  21,400  +  22,200  =  43,600  p.s.i.  (limit) 


and  the  tensile  stress  ratio  is: 


,  (1.5)(43.600)  , 

*t - - °0? 


The  maximum  shear  stress  ratio  is: 
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R 


s 


.0882 


Combining  the  tensile  and  shear  stress  ratios,  the  margin  of  safety  is: 


M.S. 


1 


4. 1.3. 2. 4  Engine-Mount- FI ttings-to-Rib  Attachment  at  Rotor  Sta.  636.00 

The  fittings- to- rib  attachment  at  rotor  station  636.OO  is  provided  by 
two  doublers  bonded  to  the  outboard  vertical  flanges  of  the  fittings 
and  to  the  outboard  face  of  the  station  636. 00  rib.  An  additional  doub¬ 
ler  is  bonded  to  the  inboard  face  of  the  rib  and  fittings  at  rotor  sta¬ 
tion  636.  To  facilitate  analysis,  the  inboard  doubler  is  neglected  in 
the  stress  analysis  presented  below. 

4. 1.3. 2. 4.1  Section  Properties 

Shear  area:  Ae  =  (4) (3-25) (3 -25)  =  42.4  in2 

4. 1.3. 2. 4. 2  Loading  Analysis 

From  a  review  of  Figure  26,  page  44,  the  mount  fittings  to  station 
636.OO  rib  attachment  doublers  are  designed  to  react  loads  having  a 
direction  along  the  z-axis.  The  maximum  loading  occurs  during  the 
rotor  overspeed  condition  with  two  engines  operating. 

P  *  42,000  lb.  (limit)  (Ref.  Figure  30,  page  49) 
z 

4. 1.3. 2. 4.3  Stress  Analysis 

Pz  =  42,000  lb.  (limit) 

A  =42.4  in2 

fs  "  T2^°  =  995  P'8'1*  (llmit) 

The  type  of  adhesive  to  be  used  in  the  bonded  joints  has  not  been  se¬ 
lected  at  this  time.  However,  the  mechanical  properties  of  the  bonded 
joint  are  established  per  Reference  _3- 

Fsu  *  P*8,1,  (Ref>  15'  ?) 

Using  a  1.15  fitting  fhctor,  the  margin  of  safety  is: 

M,S’  “  (1.15?(i°5)(995)  "  1  “  — — 

The  remainder  of  the  engine  mcyunt  fittings  to  rib  attachment  at  rotor 
station  636.OO  is  satisfactory  by  inspection. 
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4. 1.3. 2. 5  Engine-Mount- Fittings- to-Rib  Attachment  at  Rotor  Sta.  607.80 


The  fittings-to-rib  attachment  at  rotor  station  60J.d0  is  provided  by 
two  tee- sections  bonded  to  the  outboard  vertical  flanges  of  the  fittings 
and  to  the  outboard  fhee  of  the  station  607.80  rib.  From  a  review  of 
Figure  26,  page  44,  the  mount  fittings  to  station  607.80  rib  attachments 
are  designed  to  react  loads  having  a  direction  along  the  z-axis. 

4. 1.3. 2. 5.1  Section  Properties 

Shear  area:  Afl  -  (4)  (.7)(3-5)  +  (l.3)(l.l)  +  ( .5)(l.3)(2.4) 

■  21.76  in2 


4. 1.3. 2. 5. 2  Loading  Analysis 

P  =  12,400  lb.  (limit)  (Ref.  Figure  30,  page  49) 
z 

4. 1.3. 2. 5. 3  Stress  Analysis 

?z  -  12,400  lb.  (limit) 

A  -  21.76  in2 

f8  =  iHr =  510  p-8-1*  (limit) 

f  ~  3,600  p.s.i.  (Ref.  page  5l) 
su 

Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

M,S-  =  (l.l5?(l.5)(570)  "  1  = 


4. 1.3. 2. 6  Attachments  for  Engine-Mount  Fittings  to  Blade  Spar  and  Doub- 
lerB 

The  engine-mount  fittings  are  attached  to  the  blade  spar  doubler  with  a 
structural  adhesive.  From  a  review  of  Figure  26,  the  horizontal  flanges 
on  the  fittings  are  structurally  bonded  to  the  blade  spar  doubler.  The 
attachment  is  designed  to  carry  shear  loading  in  the  chordwise  and  span- 
wise  directions. 

4. 1.3. 2. 6.1  Section  Properties 

Shear  area  per  fitting: 

A  =  (14) (15)  + (10) (13 .3)  +(2)(l6.5)(2.3)-  (3*4) (2 .1) ( .5) 

S 

-  210  +133+76-4 
=  415  in2 


52 


Rotor  Limit  Speed  Condition: 


Load/ fitting:  Px  =  154,400  lb.  (limit) 
Rotor  Overspeed  Operation  -  Both  Engines  Operating: 


Px  =  199,500  lb.  (limit) 
Py  »  15,930  lb.  (limit) 


(Ref.  page  46) 


1? 


■»  P  m  200,000  lb.  (limit) 

y 


4. 1.3. 2. 6. 3  Stress  Analysis 


Rotor  Limit  Speed  Condition: 


Px  «  154,400  lb.  (limit) 

A  «  415  in2 

f8  =  =  370  p.s.i.  (limit) 

Fsu  =  5,600  (Ref*  P61^  51) 

Using  a  fitting  factor  of  1.15,  the  margin  of  safety  is: 

„  o  _  3.600  ,  _ 


M.S.  = 


:i.l5)(l.5)(370) 


High 


Rotor  Overspeed  Operation  -  Both  Engines  Operating; 

P  =  200,000  lb.  (limit) 

A  -  415  in2 

fs  =  200{°'0Q  -  482  p.s.i.  (limit) 

F  =  3,600  p.s.i.  (Ref.  page  51) 
su 

Using  a  fitting  factor  of  1.15,  the  margin  of  safety  is: 

M,S-  "  (1.15^(1.55 (462)  "  1  = 

4. 1.3-3  Engine -Aft-Mount  Pickup  Fittings 


The  material  properties  presented  below  are  obtained  from  page  42 
this  report. 

F+11  ■  130,000  p.s.i.,  F  “  74,000  p.s.i. 

XU  SU 
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4. 1.3. 3-1  Lug  Analysis 


The  aft-mount-pickup- fittings  lugs  are  analyzed  for  tensile  and  shear 
tear-out  during  rotor  overspeed  operation  with  two  engines  operating. 

Px  c  4,050  (limit)  (Ref.  page  4l) 

A  =  (l.00)(2.00  -  .875)  =  1.125  in2 


Lug  Tensile  Tear-Out: 

ft  =  1^125  =  5,60°  p.s.i.  (limit) 

Using  a  I.15  fitting  factor,  the  margin  of  safety  is: 

_  130.000 

M-s-  -  (1.15)U:5)(3,&0)  '  1  - 

Lug  Shear-Out: 

f  =  f  =  3,600  p.s.i.  (limit) 
s  x> 

Using  a  1.15  fitting  fector,  the  margin  of  safety  is: 

u  q  =  74 .000  . 

M*S-  (i.15a1^>)  (3,600)  1 

4. 1.3. 3. 2  Section  10-10  Stress  Investigation 


High 


High 


Tfre  section  under  analysis  is  located  on  Figure  2 6,  page  ^4. 


Section  Properties: 
Note:  No  scale. 


H-2.0-H 


.25  typ. 


z 


Figure  31. 


.ir^nrj 

Hk 


2.25 

i 


3-35 

I5’ 

35 

2.0 


10.70 


Section  10-10 
Geometry. 
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A  =  (4)(2.0)(.25'  +  (2)(2.25)(.25)  +  (2) ( . 6) ( .25)  -  2.0  +  1.125  +  -50 


3.425  inc 


I  =2 

yy 


+  (2)  ( .  25)  ( 5  •  225) 2+ 


+(.25)  (2. 25)  (3. 975)' 


+  (2) (  .25) (2 . 725) 2  +  -  +  (  .25)  (  .6)(2.3)2J 

=  2(  .0026  +  13.65  +  .2375  +  8.88  +  .0026  +  3.72  +  .0045  +  -794) 

*  2(27.29)  »  54.58  in11 
Loading  Analysis: 


The  loading  data  presented  belov  is  obtained  from  Figure  3  on  page  12. 


Px  m  8,050  lb.  (limit) 


Stress  Analysis: 


fc  *  1^25  *  2>35°  P*8*1*  (limit) 


c  3-425  * 

MG-  130 .000  . 

M*S#  ■  (l.5K2,350)  1 


High 


4. 1.3. 3. 3  Aft  Fitting  to  Blade  Spar  and  Doublers  Attachments 

The  engine  mount  aft  fitting  is  attached  to  the  blade  spar  doubler  with 
a  structural  adhesive.  From  a  review  of  Figure  26,  page  44,  the  upper 
and  lower  flanges  of  the  fitting  are  structurally  bonded  to  the  blade 
spar  doubler.  The  attachment  is  designed  to  carry  shear  loading  in  the 
spanwise  direction. 

Section  Properties: 


Shear  area  per  flange:  A  *  (2.00) (15.O)  *  30*0  in 

s 

Loading  Analysis: 

Hie  maximum  loading  occurs  during  the  rotor  overspeed  operation  with 
both  engines  operating. 


Stress  Analysis: 


P  *  4,025  lb.  (limit)  (Ref.  page  to) 
fs  "  SoTo2  “  154  p,8,i' 

F  *  3>600  p.e.i.  (Ref.  page  5l) 

OU 


55 


Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

..  „  _  3.600 

M’S  ‘  5)(13M  ‘  1  " 

4. 1.3. 4  Blade  Spar  Douhler  to  Spar  Attachment 


High 


This  portion  of  the  main  rotor  hlade  tip  and  attachre.itB  is  satisfactory 
structurally  by  inspection. 

4. 1.3. 5  Blade  Spar  Stress  Investigation 


Hie  spar  and  doubler  are  assumed  to  carry  all  01  the  loads  transferred 
from  the  engines  to  the  blade  primary  structure.  The  spar  section 
under  analysis  is  located  at  rotor  station  606.OO. 


Hie  material  properties  presented  below 
this  report .  , 

E  -  18.5  x  10  p.s.i. 

G  *  6.2  x  10^  p.s.i. 


are  obtained  from  page  42  of 

Ftu  =  130,000  p.s.i. 

F  *  74 .COO  p.s.i. 
su  ’ 


4. 1.3. 5*1  Section  Properties 


Chordwise: 

EIC 

Flapwise: 

eif 

Torsional: 

Chordwise: 

xc 

Flapwise: 

*f 

Torsional : 

j 

Area: 

A 

5. 78  a 

:  1010 

lb- 

•in2 

4.58  a 

:  109 

lb- 

•in2 

3.96  a 

c  109 

lb- 

•in2 

3,125 

i^ 

co 

CVJ 

in4 

• 

639 

in4 

17.71 

in2 

4. 1.3. 5*2  Loading  Analysis 
Rotor  Limit  Speed  Condition: 


Hie  centrifugal  force  loading  due  to  the  engines  and  mounts  is  obtained 
from  Figure  1,  page  10. 

-  308,700  lb.  (limit) 

The  centrifugal  force  loading  due  to  the  engine  mount  system  tip  attach¬ 
ment  hardware  is  established  below. 


Weight  «  68.7  lb.  (limit) 


56 


(68.7) (56)  =  25,500  lb.  (limit) 


.  (^-,5) 2 

52.2 


where:  fl  =  14.5  ral/sec. 

g  *  52.2  ft/sec2 
W  =  68.7  lb.  (limit) 
r  =  56.0  ft. 


The  total  centrifugal  force  load  is: 

P  =  508,700  +  25,500  =  55^,000  lb.  (limit) 


Rotor  Overspeed  Operation  -  Both  Engines  Operating 

The  fittings  loads  presented  below  are  obtained  from  Figure  5  on  page 
12.  Use  right  hand  rule  on  all  moments  and  observe  coordinate  axis 
definitions  shown  on  Figure  5* 


Main-mount-pickup- fittings  loading: 

PXl  «  212,100  lb.  (limit) 

Pyi  =  7,100  lb.  (limit) 

PZl  *  -29,600  lb.  (limit) 

MXl  =  -47,000  in- lb.  (limit) 
®  710,000  in- lb.  (limit) 


Aft-mount -pickup- fittings  loading: 

PX2  «  8,050  lb.  (limit) 

The  centrifugal  force  loading  due  to  the  engine  mount  system  tip 
attachment  hardware  is  established  below. 

2  2 

PGF  a  7  MM  "  Lw:f-  (68-7 )(56)  c  17,900  lb.  (limit) 

The  applied  loading  at  rotor  station  606.00  is  established  below. 

Px  =  PXl  +  PX2  +  PCF  *  258,000  lb.  (limit) 

Py  =  Pyi  =  7,100  lb.  (limit) 

Pz  «  PZl  =  29,600  lb.  (limit) 

Mx  =  2.55PZl  +  M*!  "  (2.55) (29,600)  +  47,000 

“  120,500  in- lb.  (limit) 


\ 
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Ky  =  My,  +  40.2  P2  =  710,000  +  (40.2)(29,600) 

=  1,900,000  in- lb.  (limit) 

M  =  -40.2  Pv  +  2.55  K  -  12.7  K 
z  *]_  *2 

=  -(40.2) (7,100)  +  (2.55)(212,100)  -  (l2.7)(8,050) 
=  -286,000  +  541,000  -  102,000 
=  155,000  in- lb.  (limit) 


Figure  32.  Rotor  Station  606.00  Loading  Geometry. 


4, 1.3. 5. 3  Stress  Analysis 


Rotor  Limit  Speed  Condition: 


P  =  334,000  lb.  (limit)  (Ref.  page  57) 
A  ■  17.71  in2  (ref.  page  56) 

ft  =  =  18,900  p.s.i.  (limit) 

F^u  =  130,000 p.sii.  (ref.  page  58) 


The  margin  of  safety  is: 


M.S. 


130,000 

(i.5)(ib,90B7 


1  * 


Rotor  Oversperi  Operation  -  Both  Engines  Operating: 


„  Px  238,000 
rt  '  T  '  17.71 


13,400  p.s.i.  (limit) 


5.59 
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<f* 

M  C 

=  y  z  , 

-  (1.9)(106)(5.68) 

fby 

h 

246 

x> 

M  C 

*  2  y  , 

-  (153 ,000) (18.5) 

bz 

xc 

3,125 

f 

sz 

p 

z 

B  — —  J 

A 

„  22^0  g 

17.71  ’ N 

.  . 

-  (120 ,500) (18.5) 

f8t 

J 

639 

The  maximum  tensile  stress  is: 

fW  "  ft  +  %  +  fb2  *  59*1*00  p.s.i.  (liffi<  ) 

The  maximum  shear  stress  is: 

f8nax  *  f»z  +  fet  *  5»l6°  P*8*1*  <littit> 

The  stress  ratios  are: 

R  .  imiaLtei .  .685  r  >  U4t5iiai .  .h>5 
Kt  150,000  "a  74,000  ? 

Combining  the  stress  ratios,  the  margin  of  safety  is: 

1 


M.S. 


-  1  » 


s 


.44 


The  remainder  of  the  main  rotor  blade  tip  and  attachments  is  satisfactory 
structurally  by  inspection. 


4.1.4  Main  Rotor  Blade  Typical  Section 

This  portion  of  the  main  rotor  system  stress  analysis  is  concerned  with 
the  static  structural  substantiation  of  the  blade  basic  section. 

The  blade  basic  section  is  constructed  of  T1-8aL~1Mo-1V  titanium  alloy. 
The  material  properties  presented  below  are  obtained  from  Reference  11. 

?tu  ■  130,000  p.s.i. 

rsu  “  *57?tu  “  l4'000  P’8-1- 
K  ■  18.5  x  10fc  p.s.i. 

4. 1.4.1  leading  Analysis 

The  blade  basic  section  is  analyzed  for  the  following  four  loading  con¬ 
ditions: 
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Cond.  1  -  Rotor  limit  speed  condition 

Cond.  2  -  Fwd.  flight,  4l  m.p.h.,  2,58,  5^2  f.p.s.  tip  speed 

Cond.  3  -  Static  droop 

Cond.  4  -  Transient  cyclic  stick  whirl 

4. 1.4. 2  Section  Properties 

The  section  properties  for  the  blade  basic  section  presented  below  are 
obtained  from  Reference  11. 


At  rotor  station  170.0C: 

Chordvise  stiffness: 
Plapwiae  stiffness: 
Torsional  stiffness: 

Blade  chord: 

Blade  depth: 

A  «  16.92  in2 

4. 1.4.3  Stress  Analysis 


EIC 

EJ? 

GJ 


IX)  2 
9.3  x  IX)  lb-in 

7.5  x  109  lb-in2 

9.7  x  ID9  lb- in2 

78  in. 

( .15X78)  *  11.7  In. 


The  blade  basic  section  is  analyzed  for  the  four  loading  conditions  pre¬ 
sented  in  Section  4. 1.4.1.  A  buckling  analysis  of  the  blade  is  conducted 
for  the  static  droop  condition  and  transient  cyclic  stick  whirl. 


Rotor  Limit  Speed  Condition: 


The  centrifugal  force  load  during  the  rotor  limit  speed  condition  is  con¬ 
servatively  taken  as  the  centrifugal  force  load  at  the  tension-torsion 
bar  retention  pin. 


C.F 


890,000  lb.  (limit)  (Ref.  page  64) 
ft  =  =  52,5°°  p.s.i.  (limit) 


.92 
M.S.  = 


130 ,000 

(1.5) (52,5007  " 


.65 


Fwd.  Flight.  4l  m.p.h.,  2.5k.  562  f.p.s.  Tip  Speed: 


^  =  1.2  x  10°  in-lb.  (limit) 
Mc  ■  .1  x  10°  in- lb.  (limit) 

C.F.  =  4.64  x  105  lb.  (limit) 


(Ref.  2,  pages  87,  96,  53) 
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\  -  “  27,400  p.s.i.  {limit.) 


.  (lloit) 

^  (? -5)(io9) 


v  =  t.1 ,0 Kip5? ( ps . ,  ll6  t.  {linlt) 

0  (9-5  >(M10) 

f  ■  27,400  +  17,300  =  44,700  p.s.i.  (limit) 

uuX 


M.S. 


,000 


(l3)t4t,W 


1  « 


•  94 


Static  Droop t 


The  static  droop  flapviee  moment  at  rotor  station  110.00  is  obtained  from 
page  32,  Figure  63,  of  Reference  2. 

Mp  *  1.08  x  10^  in- lb.  (limit) 

Hie  maximum  compressive  stress  occurs  on  the  lover  Bkln  where  it  forms 
a  part  of  the  spar.  Hie  equations  used  in  determining  the  critical  com¬ 
pressive  buckling  stress  are  obtained  from  pages  310  and  369  of  Refer¬ 
ence  6.  The  buckling  stress  is  considered  to  be  the  Bum  of  the  buckling 
stress  for  a  flat  sheet  simply  suppoerted  on  four  sides,  and  the  buck¬ 
ling  stress  for  a  cylinder  with  a  large  radiUB. 

2 

F^-KE^f  -  (3.62)(l8.5)(lG6)(~^)  “  3,430  p.s.i. 


?CCR 


K  “  3.62 

E  “  18.5  X  106  p.s.i. 

r  ♦.  1*6  i»3i 

e[9(j)  ♦.*(*)  ] 


t  "  .136  in. 

b  "  19.0  In. 


(18.5)  (10°) 


9  HI)1'6- 


•»  HI)1'3] 


“  (18.5) (106) [(17.1) (10"5)  +  (3.52)(10"5)] 

-  (18.5) (10^) (2.062) (lO"^)  -  3,820  p.s.i. 

t  =  .136  in. 

R  *  120  in. 

L  “  89  in.  (rib  spacing) 

In  order  to  preclude  compressive  buckling  of  the  lover  skin,  a  stringer 
is  installed  midway  between  the  noBe  and  rear*  spars  and  extends  the 
length  of  the  blade.  The  method  of  determining  the  stringer  critical 
compressive  buckling  stress  is  obtained  from  pages  378  and  379  of  Ref¬ 
erence  6. 
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F, 


C®  (b/t f 


“  18,600  p.s.l. 


Stringer  geometry  and  material  type: 

1.0  in.  x  1.0  in.  x  .050  in.  thick  angle  made  from  Tl-6AL-llfo-lV 
titanium  alloy. 

Thngent  modulus:  Efc  =  19*55  x  1C^  p.s.i.  (ReJ .  11,  Figure  15) 

=  (•535H19.35K106) 

(1.0/.050)2 

K  *  .585 

b  *  1.0  in,  (leg  length) 
t  »  .050  in, 

?CCR  “  *  5,020  +  ld>600  =  25»350  p.s.i. 

The  maximum  applied  compressive  stress  on  the  lover  skin  is  established 
below. 

f  «  Ik ).( •  ?), ( IQ. - )  *  15,600  p.s.i.  (limit) 

(7.9)(109) 


M,s'  “  " 
Transient  Cyclic  Stick  Whirl: 


.10 


The  transient  cyclic  stick  whirl  maneuver  is  conducted  at  a  tip  speed 
of  650  feet  per  second.  The  low  frequency  in-plane  bending  moment  is 
obtained  from  Reference  2,  page  101,  Figure  95,  and  has  a  magnitude  of: 

Mp  -  ±3*25  x  10  6  in- lb.  (limit) 

C.F.  *  5*38  x  ID5  lb.  (limit)  (Ref.  2,  page  53,  Figure  8) 
ft  "  ^  *  31,800  p.s.i.  (limit) 

.  .  ±37  800  p.s.i.  (limit) 

^  (9-3)  (10“) 

The  maximum  tensile  stress  on  the  trailing  edge  is: 

ftmax  "  57,800  +  31,800  -  69,600  p.s.i.  (limit) 

M's- '  TTst^ioy  ~ 1  * 

The  maximum  compressive  stress  on  the  trailing  edge  is: 

fCjM  "  37,800  -  31,800  -  6,000  p.s.i.  (limit) 

To  simplify  the  buckling  analysis,  the  trailing  edge  cap  is  assumed  to 
be  a  hollow  cylinder  having  an  outside  diameter  of  1.10J  inches  and  a 
wall  thickness  of  .125  Inches. 
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O.D. 

=  I.187  in., 

R  -  -5935  in.. 

t  = 

.125  in.. 

E  =  18.5  x  10  p.s.i. 

Fccr 

=  (|) 

(Ref. 

6,  page  389) 

=  ( -3) (18 

•5)  (ID6) 

=  11,700  p.s.i. 

M.S.  * 

(1.5)(^000)  1 

The  trailing  edge  cap  will  not  buckle  during  the  transient  cyclic  stick 
vhlrl  condition. 


4.1.5  Main  Rotor  Blade  Root  Retention  Structure  -  (Ref.  Vdl.  Ill, 

Figure  5) 

This  portion  of  the  min  rotor  system  stress  analysis  is  concerned  with 
the  static  structural  substantiation  of  the  blade  root  retention  struc¬ 
ture,  including  the  tension-torsion  bar  assembly  and  Its  installation. 

The  blade  skin  and  doublers  are  constructed  of  TI-8AL-IM0- IV  annealed 
titanium  alloy,  and  the  primary  structure  is  made  of  solution  heat- 
treated  T3L-6AL-4V  titanium  alloy. 


For  TI-8AL-IM0-IV  annealed  titanium  alloy  sheet: 
Ftu  *  130,000  p.s.i. 


Fsu  *  >57IVn  “  T1*'000  P-8*1- 


tu 


(Ref.  11) 


E  «  18.5  x  ID  p.s.i. 

For  T1-6AL-4V  solution  heat-treated  titanium  alloy  bar  and  sheet: 


Ftu  -  162,000  p.s.i. 
94,000  p.s.i. 


F 


su 


Fvr  *  174,000  p.s.i. 


(Ref.  ID,  page  39) 


u 


4. 1.5.1  Loading  Analysis 


The  min  rotor  blade  root  retention  system  Is  analyzed  for  the  following 
loading  conditions: 


Cond.  1  -  Rotor  limit  speed  condition 

Cond.  2  -  Fwd.  flight,  2.5g,  4l  m.p.h.,  562  l’.p.s.  tip  speed 
Cond .  3  -  Two  engines  inoperative  In  hover 

Cond.  4  -  Transient  cyclic  stick  whirl 

♦ 

4.1. 5.1.1  Condition  1  Loading 

The  rotor  limit  speed  cqndition  centrifugal  force  load  presented  below 
is  obtained  by  multiplying  the  ratio  of  the  squares  of  the  tip  velocities 
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at  813  feet  per  second  and  at  650  feet  per  second  times  the  centrifugal 
force  load  developed  at  a  tip  velocity  of  650  feet  per  second. 


C.F.  «=  (570,000)  *  890,000  lb.  (limit) 


4. 1.5. 1.2  Condition  2  Loadir 


The  chord vise  moment  at  rotor  station  71*00  during  condition  2  is  neg¬ 
ligible,  as  the  main  rotor  system  is  designed  for  the  chordvlse  moment 
due  to  engine  thrust  to  be  reduced  by  the  blade  and  engine  nacelle  drag 
such  that  the  chordvlse  moment  at  the  rotor  system  centerline  is  zero. 

My  -  3*6  x  106  in- lb.  (limit)  (Ref.  2,  Fig.  71,  p.  87) 

C.F.  -  4.0  x  105  lb.  (limit)  (Ref.  2,  Fig.  b,  p.  53) 

Torque:  T  -  1.78  x  105  lb-in.  (limit)  (Ref.  2,  Fig.  9,  p.  54) 


4. 1.5* 1*3  Condition  3  Loadir 


Mp  -  6.3  x  105  in-lb.  (limit)  (Ref.  2,  Fig.  64,  p.  83) 

Mg  -  1.18  x  UO6  in- lb.  (limit)  (Ref.  2,  Fig.  85,  p.  95) 

C.F.  -  4.0  x  105  lb.  (limit)  (Ref.  2,  Fig.  8,  p.  53) 

T  -  1.78  x  105  lb-in.  (limit)  (Ref.  2,  Fig.  9,  P*  54) 


4. 1.5. 1.4  Condition  4  Loadl 


Mp  -  8.0  x  105  in-lb.  (limit)  (Ref.  2,  Fig.  78,  p.  9l) 
Mg  -  ±3.4  x  UO6  in- lb.  (limit)  (Ref.  2,  Fig.  95,  p.101) 
C.F.  -  4.0  x  IQ5  lb.  (limit)  (Ref.  2,  Fig.  8,  p.  53) 
T  -  1.78  x  105  lb- in.  (limit)  (Ref.  2,  Fig.  9,  P*  54) 


The  T-T  bar  retention  pin  provides  the  tens  ion- tors  ion  bar  attachment  to 
the  rotor  blade.  The  blade  and  tip  attachments  centrifugal  forces  and 
torsional  moments  are  carried  through  the  tens  ion- tors  ion  bar  to  the  hub. 


4. 1.5. 2.1  Section  Properties 

The  attachment  pin  has  an  outside  diameter  of  6.50  inches,  vith  a  vail 
thickness  of  1.25  inches  at  mid-span  and  .50  inches  at  the  ends.  The 
section  properties  are  developed  below. 

At  the  ends:  A  -  £  (6.502  -  5*502)  -  9*425  in2 

At  the  mid- span:  Z  ■  ~  ■  23*095  in^ 
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4. 1.5. 2. 2  Loading  Analysis 


Preliminary  analysis  has  established  that  the  maximum  pin  loading  occurs 
during  the  rotor  limit  speed  condition. 


I 

tRi 

l  =  11.70  in. 

a  =  3.225  in. 

a  - 

b  =  2.625  in. 

Figure  35 

2b  =  5.25  in. 

R1  =  Rg  =  89q;9°°  =  445,000  lb. 

(limit ) 

w  =  =  175,000  lb/in. 

(limit) 

w  (lb/in. ) 

i  mn 


-X 


i/2- 


«2 


Pin  Loading  Geometry. 


.24 


The  maximum  moment  occurs  at  mid- span: 

M  =  R. (a  +  .5b)  =  445,000|3.225  +  (.5)(2. 625^1  =  2,020,000  in-lb. 

*"  (limit) 

The  maximum  pin  shear  load  is  on  the  ends  and  haB  a  magnitude  of: 

RL  =  Rg  =  445,000  lb.  (limit) 

4. 1.5. 2. 5  Stress  Analysis 

fb  =  ,?l,^iiX?  =  87>500  P'« s . i .  (limit) 

M,s*  =  Tn$jfS77*5B7  ■  1  " 

ffl  =  h'fiW "  47,200  p,s4,  (11,,llt) 

_  94,000 

M,s*  TT.3xi7,5W)  ■  1 

4. 1.5. 5  Blade  T-T  Bar  Retention  Pin  Hole  Analysis 
4. 1.5. 3.1  Section  Properties 

Approximate  composite  thickness:  t  «  1.64  in.  per  side 
Hole  diameter:  D  =  6.75  in. 

Bearing  area:  =  (1.64)(6.75)  ■  11.08  in2  per  side 


.55 
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4.1.5»3*2  Stress  Analysis 

The  centrifugal  force  load  per  side  is: 

P  =  89Q/.9°°  =  445,000. lb.  (limit) 

fbr  =  ^;AH°  =  ^0,200  p.s.i.  (limit) 


TOB r 

M  s  -  ^.ooo 
M,S*  “  (1.5) (40,200)  "  1 


1.88 


4. 1.5. 4  Rotor  Station  102.00  Analysis 

Rotor  station  102.00  carries  flapvise  and  chordwlse  moments  only,  as  it 
is  located  inboard  of  the  tension- torsion  bar  retention  pin  hole. 

4.1. 5.4.1  Section  Properties 

The  section  properties  presented  belov  are  obtained  from  Reference  2, 
page  51. 

Flapvise  El  =  l4.7  x  109  lb-in2,  C  =  5*15  in. 


TO  o 

Chordvise  El  =  9.85  x  10XV  lb-in  ,  C  =  4l,5  in. 


Z 

y 


E  «  18.5  x  10°  psi 
4. 1.5. 4. 2  Stress  Analysis 
Condition  2  Analysis: 


Mp  =  x  10  in-lb.  (limit)  (ref.  page  64) 

1  (14.TX109) 


150,000 

M-s-  -  (i.5) (25,536)  '  1  ■ 


2.72 


Condition  3  Analysis; 


(Ref.  page  64) 


Mp  =  6.3  x  1C P  in-lb.  (limit) 

Mq  =  l.l8  x  10^  in-lb.  (limit) 

(6^1iq^)(5..15.Klg-5jIiq6)  .  noo  (limit) 

^  (14.7)(109) 

u  a  _  1.50,000  , 

M,s- '  (l.Sjtii'fiC) ' 1  - 


High 
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ym: 


.  (I,l8)(106)(i»l.?)(l8.?)(106)  .  9|20Q  p.B-1.  (Umlt) 


bC  (9.85)(10K)) 


M.S.  « 

Condition  4  Analysis: 


130 .000 
(i.5)(9,aoo) 


1  = 


High 


M„ 


±3.4  x  10  In- lb.  (limit)  (ref.  page  64) 


,  .  .  26,500  p.s.i.  (limit) 


(9-85)(l0K)) 


M.S. 


130.000  - 

(1.5K  26,500)  "  1 


2.2 7 


Rotor  station  102.00  is  satisfactory  for  flapvise  bending  by  comparison 
to  the  condition  3  analysis  presented  on  the  previous  page. 

4. 1.5. 5  Main- Rotor-Blade- to-Stub-Bla.de  Attachment 

The  main- rotor-blade- to- stub-blade  attachment  is  provided  by  bearings 
located  at  rotor  stations  42.80  and  99 >20.  The  bearings  react  the 
flapvise  and  chord  vise  moments  into  the  stub  blade  as  couples.  The 
critical  flapvise  and  chordvise  moments  occur  during  condition  4. 


4. 1.5. 5.1  Loading  Analysis 


“F 

“c 

4 


*  8.0  x  IjO5  in- lb.  (limit) 
-  ±3-4  x  106  in-lb.  (limit) 

*  99.20  -  42.80  =  56.4  in. 


(Ref.  page  64) 


COAXio6)]8 


56.4 


62,000  lb. 

(limit) 


4.1.5-.5-2  Section  Properties 

lhe  section  properties  are  presented  in  each  individual  item  stress 
analysis . 

4.1. 5*5*3  Pitch  Bearing  Support,  Stress  Analysis 

Outboard  Pitch  Bearing  Support: 

Outside  diameter:  OD  *  11. 50  in. 

Inside  diameter:  ID  s  10.00  in. 

Moment  arm:  ■  3*0  in. 


6? 


A  =  J  (11. 502-  10.002) 


=  25.2  in 


i  =  ^  (11.504-  lO.OO4) 


-  368  in 


c  =  3.75  in. 


N. 

\ 


■  V 

?r 


Main  rotor  blade 


Figure  34.  Outboard-Bearing  Support 
Geometry  Sketch. 


Shear  stress: 


f.  =  -  2,480  p.s.i.  (limit) 

w  o  94,000 

M-s* s  - 1  - 


High 


Bending  stress: 


*  -  ^ooo^)i?,v)  .  2>91D  p->il.  (llnlt) 
162.000 


M-s-  “  (lT){gL6)  -  1  ■ 

Inboard  Pitch  Bearing  to  Rotor  Blade  Attachment: 


High 


Lug  vidth:  v  *  5. 00  in. 

Lug  thickness:  t  -  .50  in. 

Shear  area:  A  *  (2)(5.00)(.50)  »  5.00  in2 

P  =  62,000  lb.  (limit)  (ref.  page  67) 

f8  *  --^°°  -  12,400  p.s.i.  (limit) 

Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

M-s-  ■  u.i5j'(?:£Ki2,wflj  • 1 "  3-‘*° 

The  remainder  of  the  inboard-bearing-to-rotor-blade  attachment  is  satis¬ 
factory  by  inspection. 


4, 1.5. 5» 4  Pitch  Bearlrgs  Stress  Analysis 

The  pitch  bearings  selection  has  not  been  finalized  at  this  time.  During 
Phase  II  a  comprehensive  'study  vlll  be  made  to  select  structurally  satis¬ 
factory  bearings  to  adequately  support  the  applied  loading. 
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4. 1.5*6  Tension- Torsion  Strap  Assembly 

The  tension- tors ion  strap  assembly  consists  of  high-strength  wire  wrapped 
around  a  flanged  bushing  at  each  end,  in  multiple  layers  to  provide  the 
proper  width  and  thickness,  and  bonded  together  with  urethane  rubber. 

The  material  geometry  and  properties  presented  below  are  obtained  from 
Reference  l4. 

.006  in.  dia.  JW  355  CRES  steel  wire. 

Min.  breaking  strength  per  wire  is  12.5  pounds. 

Requires  107,000-107,300  wires  per  side, bonded  with 
urethane  rubber. 


The  ultimate  strength  of  the  strap  is: 


PTu  =  (12.5)(107,000)  =  1,338,000  lb. 


The  maximum  tension-torsion  strap  load  occurs  during  the  rotcr  limit 
speed  condition. 


Pcy  =  890,000  lb.  (limit)  (ref.  page  64) 

1,  338  000 

The  margin  of  safety  is:  M.S.  =  (1~3'X'B$6  "COff)  “  1  “ 


0.00 


4.1.6  Stub  Blade  and  Retention 

This  portion  of  the  main  rotor  system  stress  analysis  is  concerned  with 
the  static  structural  substantiation  of  the  stub  blade  and  retention. 


The  stub-blade  skin  and  doublers  are  constructed  of  TI-8AL-IM0-IV  an¬ 
nealed  titanium  alloy,  and  the  primary  structure  is  made  of  T1-6AL-4V 
titanium  alloy. 

For  TI-8AL-IM0-IV  annealed  titanium  alloy  sheet: 


Ftu  =  130,000  p.s.i. 

».u-  *57  Ftu  -  74,000  p.s.i. 
E  -  18.5  x  106  p.s.i. 


(Ref.  11) 


For  T1-6AL-4V  solution  heat-treated  titanium  alloy  bar  and  sheet: 


?tu  -  162,000  p.s.i. 

F  =  94,000  p.s.i. 

Ffar  «  174,000  p.s.i. 
Dru 


(Ref.  10,  page  39) 
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4.1.6.1  leading  Analysis 

from  a  review  of  Section  4. I. 5. 5 ,  the  critical  stub-blade  loading  occurs 
during  the  transient  cyclic  stick  whirl  condition. 

M«  =  8.0  x  105  in-lb.  (limit)  \ 

*  ,  ,  6  ,  x  I  (Ref.  page  t4) 

*  *3.4  x  10°  in-lb.  (limit)  j  r-o  / 

4. 1.6. 2  Stub-Blade -to -Main- Rotor -Blade  Attachment 


This  portion  of  the  stub-blade  analysis  is  adequate  by  comparison  to  the 
rotor  blade  to  stub-blade  attachment  analysis  presented  in  Section  4. 1.5. 5. 


4. 1.6. 3  Stub-Blade  Typical  Section 

The  section  properties  for  the  stub  blade  at  rotor  station  71.25  are  pre¬ 
sented  below. 


EL,  =  13.8  x  1010  lb- in2, 

U  10  2 
Ely  =  3.01  x  10iU  lb- in  , 

E  »  18.5  X  10^  p.S.i. 
Maximum  chordwise  bending  stress: 


Cy=  18.5  in. 
C2=  8.25  in. 


f  __  (3.4)(106)(18,5JA18^10J  =  8>7DO  p.8.Uliait) 


(13.8)(ic10) 
130,000 

M*s-  -  (1.51 (8766)  “  1  " 


High 


Maximum  flapwise  bending  stress: 


.  (8.0)(105)(8.25)(18.M(106)  .  4  (Umlt) 

f  (5.01)(1010) 


„  „  130,000 

M*s*  -  (iTSTftiMJ  -  1  - 


High 


4. 1.6. 4  Stub-Blade-to-Hub-Attachment  Lugs  Analysis 
4.1. 6.4.1  Loading  Analysis 

The  stub-blade -to -hub- attachment  lugs  are  analyzed  for  the  following  load¬ 
ing  conditions: 

Cond.  2  -  Fwd.  flight,  2.5g,  4l  m.p.h.,  5^2  f.p.s.  tip  speed 
Cond.  3  -  Two  engines  inoperative  in  hover 
Cond.  4  -  Transient  cyclic  stick  whirl 
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Condition  2  Loading: 


The  chordvise  moment  at  rotor  station  30*00  during  condition  2  is  neg¬ 
ligible,  as  the  main  rotor  system  is  designed  for  the  chordvise  moment 
due  to  engine  thrust  at  the  blade  tip  to  be  reduced  by  the  blade  and 
engine  nacelle  drag  such  that  the  chordvise  moment  at  the  rotor  system 
centerline  is  zero. 

S’ 

My  «  4.4  x  10b  in-lb 


Condition  3  Loading: 

My  =  7*6  x  105  in- lb. 

,  6 

■  1*36  x  10  in- lb. 

Condition  4  Loading: 

My  =  9*8  x  105  in-ib. 

=  3*5  x  106  in- lb. 

4.1. 6.4.2  Section  Properties 

Tine  thickness:  t  = 
Tine  diameter:  D  * 
Hole  diameter:  d  = 

Tensile  area:  = 

Shear  area:  A  = 

8 


(limit)  (Ref.  2,  Fig.  71,  P*  67) 

(limit)  (Ref.  2,  Fig.  64,  p.  83) 

(limit)  (Ref.  2,  Fig.  85,  p.  95) 

(limit)  (Ref.  2,  Fig.  78,  p.  91 ) 

(limit)  (Ref,  2,  Fig.  95,  p.101) 

1.30  in, 

12.00  in. 

6.9O  in. 

1.3(12.00  -  6.90)  »  6.63  in2 
(1,3)(2.9)(2)  -  7*55  in2 


4. 1.6. 4. 3  Stress  Analysis 

The  flapvlae  momenta  and  torsional  moments  ere  assumed  carried  as  couples 
by  the  upper  and  lover  lugs.  The  chordvise  moments  are  assumed  carried 
as  a  couple  by  the  attainment  lugs  and  the  adjustable  link. 


Condition  2  Stress  Analysis: 

The  load  per  lug  due  to  flapvise  bending  is: 

Px  =  l  =  253,000  lb.  (limit) 
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Lug  tensile  tear-out: 


=  =  38,200  p.s.i.  (limit) 


Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

162,000  i_ 

'  (l.l5)U.5K38,200)  '  1  “ 


Lug  shear-out: 


f  =  2.33,i000  =  33,500  p.s.1.  (limit) 

E  I  •  SS 


Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

MS*  =  ( 1  •  15  K 5  K33 , 500 )  •  1  = 


1.46 


.63 


Condition  3  Stress  Analysis: 

The  load  per  lug  due  to  flapwlse  bending  is: 

px  =  =  **0,000  lb.  (limit) 

The  load  per  lug  due  to  chordwise  bending  is: 

g 

Px  =  =  ®’700  lb>  (limlt) 

The  maximum  lug  load  is: 

P  -  (40,000  +  23,700)  =  63,700  lb.  (limit) 

The  lugs  are  satisfactory  for  the  condition  5  loading  by  comparison  to 
the  higher  loading  developed  during  condition  2. 


Condition  4  Stress  Analysis: 

The  load  per  lug  due  to  flapvise  bending  is: 

Px  =  '9Tj'i'4°^'  =  56'400  lb*  (limit) 

The  load  per  lug  due  to  chordvise  bending  is: 
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px =  (5§r  =  58,400  lb* (limit) 


The  maximum  lug  load  Is: 

P  =  56,400  +  58,400  =  115,000  lb.  (limit) 

The  lugs  are  satisfactory  for  the  condition  4  loading  by  conqparison  to 
the  higher  loading  developed  during  condition  2. 


4. 3.6.5  Stub -Blade -to -Adjustable-Link  Attachment  Analysis 

4. 1.6. 5.1  Loading  Analysis 

From  a  review  of  Section  4. 1.6. 4,  presented  above,  the  maximum  adjustable 
link  load  occurs  during  condition  4. 

Px  »  )  =  117,000  lb.  (limit) 


4. 1.6. 5.2  Section  Properties 


Tine  thickness: 
Tine  diameter: 
Hole  diameter: 

Tensile  area: 
Shear  area: 


t  *  .75  in. 

D  *  4.00  in. 
d  =  2.00  in. 

At  =  (.75)(4.00-  2.00)(2)  «  5.00  in2 
A8  -  (.75)(1.15)(4)  =  3.45  in2 


4. 1.6. 5. 3  Stress  Analysis 
Lug  tensile  tear-out: 


ft  =  ^ =  59,000  p.fi.i.  (limit) 

Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

M  S  -  ■■l62»c9°  _■■■  1  - 

M*S*  "  (1.15)11.5X39,000)  '  1  ' 


Lug  shear-out: 

ffl  =  11^^°  =  34,000  p.s.i.  (limit) 
Using  a  I.15  fitting  factor,  the  margin  of  safety  is: 


1.4l 
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M-s-  =  (1.T5)  (£5)^00 6)  "  1 


The  remainder  of  the  attachment  lug  is  satisfactory  hy  inspection. 


4.1.7  Matin  Rotor  Bub  Assembly  -  (Ref.  Volume  III,  Figure  2) 

This  portion  of  the  rotor  system  stress  analysis  is  concerned  with  the 
static  structural  substantiation  of  the  rotor  hub  and  attachments. 


The  material  properties  presented  below  are  obtained  from  page  39  of 
Reference  10  fbr  T1-6AL-4V  titanium  alloy. 

F^.  *  162,000  p.s.i. 

Fsu  *  94*000  p.s.i. 

4.1. 7.1  General  loading  Analysis 

From  a  review  of  Reference  2,  pages  53  through  101,  the  critical  hub 
loading  occurs  during  the  following  conditions: 


Oond.  1  -  Rotor  limit  speed  condition 

Cond.  2  -  IVd.  flight,  4l  m.p.h.,  2.5g,  562  f.p.s.  tip  speed 
Cond.  3  ■  Two  engines  Inoperative  in  hover 

During  the  condition  1  mneuver  a  centrifugal  force  load  per  blade  of 
890,000  lb.  (limit)  is  developed  at  each  blade  retention  pin. 


IXirlng  the  condition  2  maneuver  the  following 
each  blade  at  rotor  station  30 .0 : 

Mp  -  4.40  x  106  in-lb.  (limit)  (Ref. 

T  -  1.8l  x  105  lb-in.  (limit)  (Ref. 

C.F.-  4.33  x  105  lb.  (limit)  (Ref. 


loading 

2,  Fig. 
2,  Fig. 
2,  Fig. 


is  developed  on 

71,  P-  87) 

8,  p.  53) 

9,  p.  54) 


Loading  assumptions : 

The  flapwise  moments  are  carried  as  a  couple  by  the  upper  and 
lower  hub  tines. 

The  torsion  is  carried  as  a  couple  by  the  upper  and  lower  hub 
tines. 

The  centrifugal  force  loads  are  carried  by  the  hub  tines. 


Note:  No  scale. 


Figure  55.  Rub  General  Geometry  and  Loading  Sketch. 


4. I.7.2  Lug  Analysis 
4. 1.7. 2.1  Loading  Analysis 

The  highest  lug  loads  are  developed  during  condition  2. 

Mj,  =  4.40  x  10^  in-lb.  (limit)  at  rotor  sta.  50.0 

T  =  1.81  x  10 5  in**!!)*  (llt&lt )  &t  rotor  st&*  30#0 

C.P.=  h.}}  x  10?  lbi  (limit )  rotor  st&«  J0*0 

The  load  per  lug  tine  due  to  flapvise  bending  is: 

pf  =  *  515,000  ib.  (limit) 

♦ 
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The  load  per  lug  due  to  torsion  is: 

Py  =  =  13,000  lb.  (limit) 

The  load  per  lug  tine  due  to  centrifugal  force  la: 

Px  =  =  217,000  lb.  (limit) 

There  aleo  exists  loading  in  the  tines  due  to  the  restraint  spring. 

During  forward  flight  at  4l  miles  per  hour  the  rotor  system  Is  tilted 
at  an  approximate  angle  of  14  degrees  vlth  respect  to  the  rotor  main 
mast.  This  results  In  the  spring  restraint  load  being  applied  at  an 
angle  of  31  degrees  with  respect  to  the  retention  pin  centerline. 

Spring  rate  =  364,000  lb.  per  radian  of  tilt. 
a  =  4°  =  .0698  rad. 

P  -  (. 0698 )(364, 000)  =  25,400  lb.  (limit) 

Px  =  25,400  sin  31°  =  13,100  lb.  (limit) 

P.  =  25,400  cos  31°  =  21,800  lb.  (limit) 

The  maximum  tensile  load  occurs  on  the  lover  tine  and  has  b.  magnitude  of: 

px  «  (315,000+217,000+  13,100  -  1^22)*^  11 

=  538,000  lb.  (limit) 

4. 1.7. 2. 2  Section  Properties 

Tine  thickness:  t  -  1,75  in. 

Tine  diameter:  D  »  12.00  in. 

Hole  diameter:  d  =  6,90  in. 

Tensile  area:  ^  =  (l.75)(l2.00-  6.90)  -  8.92  in2 

Per  the  discussion  on  pages  165  and  166  of  Reference  9,  the  lug  sheer 
failure  is  predicted  to  occur  as  shown  in  Figure  36  below. 


Predicted  Lug  Shear  Failure  Location, 


Figure  36, 


4. 1.7. 2. 5  Stress  Analysis 


Lug  tensile  tear-out: 

ft  =  =  6°»200  P-8-1-  (linit) 

Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

162,000 


M.S.  = 


[1.15K1.: 


- 1  - 


Lug  shear-out: 


538,000 


fs =  -nrrjr  =  53’°°°  v’eA- 


Using  a  1.15  fitting  factor,  the  margin  of  safety  Is: 

M.S.  =  — - ^000 - 


n^.5Ki.: 


- 1  = 


4. 1.7.3  Rotor  Blade  Attachment  Pin  Assembly 

This  portion  of  the  huh  assembly  stress  analysis  Is  concerned  vlth  the 
static  structural  evaluation  of  the  rotor  blade  attachment  pin. 

The  material  properties  presented  below  are  obtained  from  page  39  of 
Reference  10  for  T1-6AL-4V  titanium  alloy. 

Ftu  =  162,000  p.s.l. 

F  =  94,000  p.s.l. 


4.1.7.3-1 


The  maximum  pin  bending  moment  occurs  during  the  rotor  limit  speed  condi¬ 
tion. 


Figure  37.  Attacliment-Pin-Loadlng  Geometry. 

^  =  Rg  =  §2^22£  ,  445,000  lb.  (limit) 
w  *  M  173,000  lb/in.  (limit) 

a  M  4.375  in.,  b  -  2.625  in.,  I  *  l4,0  in. 
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The  nxLXimum  moment  occurs  at  mid- span: 

M  =  R1(a+  .5b)  =  445,000[^.375  +  (.5)(2.625)] 

=  2,550,000  in- lb.  (limit) 

The  maximum  pin  shear  load  occurs  during  condition  2  (see  page  74  for 
definition  of  cond.  2) .  The  maximum  shear  load  is  obtained  from  page  76. 

P  «=  558,000  lb.  (limit) 

6 

4. 1.7.3. 2  Section  Properties 

The  attachment  pin  has  an  outside  diameter  of  6.5  inches,  with  a  wall 
thickness  of  1.375  inches  at  mid- span  and  .625  inches  at  the  ends. 

At  the  mid-span:  Z  =  .25)  5*75^)  =  24.000  in3 

At  the  ends:  A  «  J  (6.52  -  3*752)  »  11.556  in2 

U. I.7.3. 3  St res 8  Analysis 

*b  *  2  2^000°  "  10 5 j 500  p.s.i.  (limit) 

11  e  -  162.000  _  _ 

M*s-  (l.5)(l05,300) 

fs  *  ^il?^6  "  M,GX)  P-8*1-  (linit) 

Using  a  1,15  fitting  Ihctor,  the  margin  of  safety  is: 

M-s-  "TTwyn 1  ‘ 


.02 


*17 


4. 1.7*4  Section  A-A  Stress  Investigation 

Section  A-A  is  located  at  rotor  station  25 .00  on  the  lower  tine,  and  it 
carries  the  maximum  loading. 

4.1. 7*4.1  Section  Properties 

A  -  (13. 8) (1.0)  =  13.8  in2 

zy  -  ^ .  faa»aifr.p£  ■  2.5  „? 

Zz  -  Jjg  -  .  ?1.a  a? 
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4. 1.7. 4. 2  loading  Analysis 


Px  =  558,000  lb.  (limit) 
Py  =  15,000  lb.  (limit) 
Pz  =  10,900  lb.  (limit) 


(Ref.  page  7 6) 


Hy  “  (5-0) (10,900)  *  65,500  in- lb.  (limit) 
=  (5.0)(15,000)  *=  65,000  in-lb.  (limit) 


4. 1.7. 4. 5  Stress  Analysis 

ft  “  "  39,000  p.s.i.  (limit) 

S  "  “  940  p-8,i- 

Uz  "  ^l^r  "  790  p-8-1-  (limlt) 

\  “  27 > 600  p-8-1-  (limit) 

fbz  “  ^iJ  c  2>04°  P*8*1*  (limit) 


The  maximum  tensile  stress  is: 

ft  -  39,000  +  27,600  +  2,01*0  “  68,600  p.s.i.  (limit) 

Ihe  maximum  shear  stress  is: 


f  -V9402  +  7902  *  1,250  p.s.i.  (limit)  -  negligible 


_  162  000 

MS-  ir^j^ooy  ■ 1  ■ 


4. 1.7. 5  Section  12-12  Stress  Investigation 


.57 


Section  12-12  is  located  at  rotor  station  16.55  on  the  lower  tine  and 
carries  the  maximum  loading. 


4. 1.7. 5*1  8cctlon  Properties 


A  -  (22.0) (1.0)  -  22.0  in2 

Zy  ■  ^  -  ^-0|U-°}2  .  ?,67  IB? 

z, .  sg! .  .  ao .6 1»3 
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4. 1.7. 5*2  Loading  Analysis 


Px  =  538,000  lb.  (limit) 

Py  =  13,000  lb.  (limit) 

P„  =  10,900  lb.  (limit) 
z 


(Ref.  page  76) 


Hy  «  (13.65 )(10, 900)  =  149,000  in-lb.  (limit) 
-  (13.65 )(13, 000)  =  177,500  in-lb.  (limit) 


4. 1,7* 5*3  Stress  Analysis 

ft  =  =  24>400  (llmlt) 

fby  =  =  40, 600  p.s.i.  (limit) 

=  2,200  p.s.i.  (limit) 


The  maximum  tensile  stress  is: 


ft  =  24,400  +  40,600  +  ^00  =  67,200  p.s.i.  (limit) 


M.S. 


162,000 

(1.5)(f>7,200) 


4. 1.7* 6  Adjustable- Link  Assembly 


This  portion  of  the  hub- assembly  stress  analysis  is  concerned  with  the 
static  structural  substantiation  of  the  adjustable  link  assembly. 


The  material  properties  presented  below  are  obtained  from  page  39  of 
Reference  10  for  T1-6AL-4V  titanium  alloy. 

F.  =  162,000  p.s.i. 
tu 

Fbu  =  94,000  p.s.i. 

4. 1.7. 6.1  Loading  Analysis 

The  maximum  adjustable- link- assembly  loading  occurs  during  the  cyclic 
stick  whirl  condition. 

^  =  3.5  x  106  in-lb.  (limit)  (Ref.  page  71) 

The  axial  tension  load  on  the  adjustable  link  is: 

P  =  10  =  117,000  lb,  (limit) 


80 


The  minimum  shear  area  for  holts  loaded  in  double  shear  is: 

Bolt  dla.  =2.00  in. 


fg  =  ^ g! 28°  =  l8>6o°  P-B-i-  (limit) 
Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 


Figure  38.  Lug  General  Geometry  Sketch, 


Lug  thickness:  t  =  1.20  in. 

Tension  area:  A+  =  (2)(l.2)(l.O)  =  2.40  in2 

*  p 

Shear  area:  A  =  (2)(l.2)(l.l)  =  2.64  in 

Section  13-13:  A  =  =  4.9  in2 


Stress  Analysis  r 


Lug  tension  tear-out: 

ft  -  11gt24g^  -  49,800  p. s. i.  (limit) 
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Using  a  1.15  fitting  footer,  the  margin  of  safety  la: 


uc  162.000  . 

M,S*  (1.15J (1.5)^9,000)  '  1 


Lug  shear-out; 


""IfgT  c  44,1*00  p.s.i.  (limit) 


Using  a  1.15  fitting  factor,  the  margin  of  safety  1st 


94  000 

M-S-  ■  (i.l5)fr5)(W,T>o6) 


.la 


Section  15-15  tensile  stress: 


ft  *  “  24,000  p.s.i.  (limit) 


162.000 

MS-  •  t-5)fC6coT  -  1  ' 

5.50 

The  remainder  of  the  adjustable- link  assembly  is 
applied  loading  by  Inspection. 

satis foctory  for  the 

4.1.8  Glmbal  and  Attachments 

This  portion  of  the  rotor  system  stress  analysis  is  concerned  with  the 
static  structural  substantiation  of  the  glmbal  ring,  the  pivot  pins,  the 
glmbal  bearings,  the  rotor  shaft  lugs,  and  the  rotor  hub  bearing  lugs. 

The  material  properties  presented  below  are  obtained  from  page  59  of 
Reference  10  for  T1-6AL-4V  titanium  alloy. 

y  ■  162,000  p.s.i.  E  ■  18.5  x  10^  p.s.i. 

y  ■  94,000  p.s.i. 
su 

4. 1.8.1  Loading  Analysis 

The  critical  glmbal  loading  occurs  during  the  2.5g  loading  condition. 

Total  ship  weight:  P^,  ■  72,000  lb.  (limit) 

Rotor  system  weight:  PR  ■  20,000  lb.  (limit) 

Weight  supported  by  glmbal: 

Py  -  52,000  lb.  (limit) 

For  the  2.5g  vertical  loading  condition,  the  load  supported  by  the  gimbal 
is  • 

P  "  (2.5)(52,000)  -  150,000  lb.  (limit) 

2 
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t 

ft  r 

\  ►< 

v: 

— L 

r _ a 

- 

2P  -  130,000  lh.  (limit) 

Figure  39*  Gimbal-Ring  General  loading  Sketch. 


Outside  Bearing  Loads: 

Assuming  the  cantilevered  load  P  rotates  through  an  angle  0,  and  1/2  of 
this  rotation  Is  taken  out  hy  a  moment  In  the  hearing  and  torsion  In  the 
global. 


Figure  UO.  Bearing  Loading  Sketch. 


6 


(65,000)(13.8125 )2 
(2)(l8.5)(l0b)U00) 


.00336  rad. 


6/2  -  .00168  rad., 


I  S3  100 
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The  end  rotation  is  inserted  to  the  bearing*  by  torsion  in  the  glribal. 

9/2 

7.1675* 


I®  | — 7,"T5^1 


Bearing  load  line 
Figure  4l.  Bearing  Loading  Geometry. 


from  Ref.  6,  page  551* 

T  .  timt* t5fl  .  t.00l66H.a9iK9)(2^({.2)(106)  .  „  & 

*  7,1875  (llrit) 

where t  0/2  ■  .00168  rad. 

0  ■  .285  rad. 
b  ■  9>0  in. 
t  •  2.0  in. 

0  11  6.2  x  10*  p.e.i. 
i  ■  7.1875  In. 

Load  on  bearing  ©i 

?i  ■  +  **4?^  ‘  }7<950  “•  (liBlt) 

Load  on  bearing  ©  * 

P2  ■  &j|2£  •  ■  28,050  lb.  (limit) 


The  bearing  load*  for  the  lg- loading  oondltlon  are  presented  below. 
P  ■  26,000  lb.  (limit) 

0  ■  (•<»5J6)(§^§^)  ■  ,001545  rad. 

T  -  (29,0OO)(^^)-  11,900  lb-in.  (limit) 

Load  on  bearing  ©  1 

.  ih.,780  lb.  (limit) 

on  bearing  ©1 

Pa  ■  *$*£22,  -  ■  H|220  lb.  (limit) 


Inside  Bearing  Loads? 


The  sane  method  of  analysis  is  used  on  the  Inside  bearings  as  on  the 
outside  bearings. 

»  -  JfL222iiL^35li  .  .00091  mi. 

(2)  (18.5)  (ID6)  (100) 


lb- in. 
(limit) 


0/2  -  *0001*55  rail. 

T  .  (•Q0Q*»)(-aW^(g)3(6-g)(iP6)  .  k  l90 

Load  on  bearing  (5) : 

+  JiglZ>  .  33,100  lb.  (limit) 

Load  on  bearing  (4): 

P4  -  ^i|2°  -  -  31,900  lb.  (limit) 

lhe  bearing  loads  for  the  lg -loading  condition  are  presented  belov. 
P  -  26,000  lb.  (limit) 

8  «  ( .00091) (||^~ )  -  .000361*  rad. 

T  -  (U,190)  "  1,680  lb-in.  (limit) 

Bearing©:  -  26 P00  «- -  13,250  lb.  (limit) 

Bearing©:  P^  -  ^6»°°°  .  -12,750  lb.  (limit) 

11* 


13.8125 


r  1 1 

*+ — 1 — *■ 


f 

7.1875 

_L 


1 

11.5 

IT- 

15  - 

17  ^ 

!5  - 

© 


16  |  16 


© 


Figure  1*2.  Gimbal- Bearings  General  Loading  Sketch. 
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4. 1.8. 2  Global  Ring  Analysis 
Section  l4-l4: 

65,000 


Section  geometry: 

b  ■  8.0  In. 
t  -  2.0  In. 


}T 

T© 


29,800  lb -In. 
(limit) 


65,000  lb.  (limit) 


Figure  43.  Jlmbal  Ring  -  Section  14-14  Loading 
and  Geometry  Sketch. 


Section  14-14  Is  under  normal  and  torelonal  shear. 


f®n  “  (|j(§y  “  **'06°  P*8*1-  llmlt) 

From  Ref.  6,  page  330: 

.  -  3T  _  (W(29.eoo2  ♦  4.1902) 

H  bt2  (8)(2)2 


2,820  p.a.l. 
(limit) 


The  maximum  shear  stress  Is: 


nnax 


4,060  +  2,820  -  6,880  p.s.i.  (limit) 

"•s-  ■  ir^BSoy  • 1 ' 


Section  15-15: 

Section  15*1?  Is  under  bending  and  torsion. 


High 


Section  properties: 

.  b(^-  h2?> 

1  12 

12 

-  220  In1* 


Figure  44.  Gimbal  Ring  -  Section  15-15 
Geometry. 


The  bending  stress  Is: 

fb  -  ( • 8l2?) ( ^°^°). Ih. -2)  .  18, 400  p.s.i.  (limit) 
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The  torsional  load  is  obtained  from  page  85,  and  is  assumed  to  be  car¬ 
ried  as  a  couple  by  the  lugs. 


T  =  4,190  lb-in.  (limit) 

P  =  1^725  “  29k  lb‘  <limit) 

fst  =  (2) (9  -^125)  =  50  p.s.i.  (limit)  negligible 


Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 

M*s- =  - 1  = 

Section  16-16: 


Eigh 


Section  16-16  is  under  bending  and  torsion.  The  section  properties  are 
identical  to  Section  15" 15  section  properties. 

1-  220  in1* 


b  220 


9,560  p.s.i.  (limit) 


The  torsional  load  on  Section  l6-l6  is  obtained  from  page  64  and  is  as¬ 
sumed  to  be  carried  as  a  couple  by  the  lugs. 


T  «  29,800  lb-in.  (limit) 

P  =  fSfS2  “  2>100  lb*  (limit> 

fst  “  (2)(92-14°i25y  *  216  P-s-i-  (limit)  negligible 


Using  a  1.15  fitting  fhctor,  the  margin  of  safety  is: 


M.S. 


162.000 

(ll5) (l*5) (9,560) 


1  - 


High 


Section  17-17? 

.(a)(8)3  (1.6H7.2)3 

x-x  12  12 

-  85  -  49.8 

k 

«  55-2  in 


typ. 


Figure  45.  Gimbal  Ring  -  Section  17*1? 
Geometry. 
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Bending  stress: 


f-h  =  (,^/C00)(ll^)(4)  =  85,000  p.g.i.  (limit) 

M*s-  =  TT3^7§6o)  "  1  = 

Longitudinal  shear  stress: 

*.  -8  -  - «.°°° >•*•«.  cn-t) 

Q  =  VA  =  (2.13 )(2.24)  =  4.78  in5 

M  S  -  9^,000  1  „ 

M,b*  (l.5)(22,000)  1  ” 


4. .1.8. 3  Glmbal  Hardware  Analysis 
4.1. 8.3.1  Pivot  Pins  and  Bearings 


1.84 


Pin  and  Bearings  Loading  Analysis: 


Since  the  outer  pin 
carries  the  highest 
loading,  it  is  used 
to  substantiate  the 
inner  gimbal  support. 


VW  XUl 


t37' 


800  lb-in 


950  lb. 

■  6.7 


[20, 


T 

050  lb. 


Figure  47.  Pivot  Pin 
Loading  Sketch. 
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From  Reference  11,  page  174,  and  from  the  revision  supplement  dated  13 
September  1962,  pages  3  to  5: 

K  *  1.51 

PT  =  =  25,200  lb.  (limit)  tension 

Bearing  Stress  Analysis: 

From  Referen  e  11,  page  174,  and  flrom  the  revision  supplement  dated  13 
September  1962,  pages  3  to  5: 

Radial  basic  rating  a  13,400  lb. 

Since  the  rotor  speed  is  100  revolutions  per  minute  and  the  maximum 
rotor  tilt  is  10°,  the  true  gimbal  bearing  speed  is: 

RFH  -  (”tor  r.^m.)(a»)  .  Q°P,)ig.(10)  .  5.6  r.p.m. 

The  speed  fee tor  from  Reference  11  is  3*233,  and: 

Radial  bearing  rating  *  ( 13, 400) (3*233)  =  43,400  lb. 


bearing  load 

43,400  _  ,  - 


37,950 


-  1  - 


Pin  Stress  Analysis: 

The  section  modulus  for  a  tube  with  a  4.00-inch  outside  diameter 
vail  thickness  of  .25  inch  is: 


and  a 


Z  *  2.78  in5,  A  *  3*04  in2 

fb  “  *  45,000  p.s.i.  (limit) 

ft  *  ^§r  *  8^500  p*8,i-  (llmit) 

f  =  45,800  +  8,300  =  54,100  p.s.i.  (limit) 
ndx 

„  „  . _ 162.000  ,  _ 


The  shear  stress  is: 


fs  =  S  12 ' 500  P-8*1- 


;i.5)(12,500) 


-  1  = 


High 
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If.  1.8. 3-2  Rotor-Shaft-Bearing  Lugs 

The  weakest  lug  with  the  highest  applied 
load  is  analyzed  below.  p  u  ^  iqo 

lb.  (limit) 

The  material  properties  for 
T1-6AL-4V  titanium  alloy  are 
obtained  from  page  39  of 
Reference  10. 


tu 


su 


162,000  p.s.l. 
94,000  p.s.l. 


Lug  Analysis? 


Figure  48.  Rotor- Shaft- 
Bearing-  Lug  Geometry. 


P  -  33,1D0  lb.  (limit) 

0D  “  8.2  in. 

ID  *  7.125  in. 
t  -  2.5  in. 

Shear  area:  A  «  2. 5(8, 2  -  7-125)  =  2.69  in2 

s 


f  .  i ,  ajoo 

8  A  2.69 


12,300  p.s.l. 


Using  a  1.15  fitting  fee tor,  the  margin  of  safety  is: 
u  o  .  95.000 _  _  a 

MS‘  (1.15)  (1*5)  (12,300) 


Section  18-18  Stress  Analysis: 

Z  -  £%2lf  .  .684  la3 
xx  6 

Pt  -  (55,100)  cos  30° 

=  28,700  lb.  (limit) 

Pb  -  (35,100)  sin  30° 

**  16,600  lb,  (limit) 

M  -  (3.5)(l6,600) 

-  58,100  in-lb.  (limit) 


9 


3.48 


Figure  49.  Section  18-16  Loading 
and  Geometry  Sketch. 
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6,480  p.s.i.  (limit) 


fb  =  =  85,000  p.s.i.  (limit) 

f  =  85,000  +  6,480  =  91,500  p.s.i.  (limit) 

U  Q  -  162.000  , 

M‘S*  “  (1.5) (91,500)  1 


4. 1.8. 3. 3  Hub  Bearing  Lugs 

This  portion  of  the  rotor  system  stress  analysis  is  satisfactory  by 
comparison  to  the  analysis  presented  in  Section  4. 1.8. 3. 2. 


4.1.9  Restraint  Spring  Assembly 
4.1. 9.1  Spring  Analysis 


From  Reference  8,  pages  k$  to  52,  nomograms  for  determining  spring 
stress  levels  are  presented.  Assuming  a  load  of  5,000  pounds  on  each 
spring,  and  using  Chart  5,  page  52  of  Reference  8: 


For  the  outside  spring: 

Mean  diameter:  9*0  in. 
Wire  diameter:  1.6  in. 
Number  of  coils:  5 


Spring  rate: 


-  .39  in/coil 

*  ( -59) (5)  =  1-95  in. 


5.000 

1.95 


=  2,570  lb/in. 


For  the  inside  spring: 

Mean  diameter:  6.0  in. 

Wire  diameter:  1.1  in. 

Number  of  coils:  9 

Spring  rate: 

=  .525  in/coil 
8tl  *  (9) { -525)  -  M  In. 

Ki  '  "  L>010  lb/ln' 


Total  spring  constant: 

Kt  -  Kq  +  K±  *  2,310  +  1,070  =  lb/in. 


With  a  maximum  load  of  22,000  pounds  (limit)  on  the  restraint  spring 
assembly,  the  deflection  is: 


5 


_P_  22 .000 

Kt  “  3^0 


6.1  in. 


The  outside  spring  loading  is: 

PQ  =  Kq6  *  (2,570) (6.1)  =  15,700  lb.  (limit) 

and  from  Chart  2,  page  49  of  Reference  8,  the  outside  spring  fiber 
stress  is: 

f  *  88,000  p.s.i.  (limit) 

The  stress  correction  for  curvature  is  found  in  Chart  3  of  Reference  8: 
f  ■  110,000  p.s.i.  (limit) 

The  inside  spring  loading  is: 

Pi  =  Ki8  "  U>0'?0)(6.1)  =  6,500  lb.  (limit) 

and  from  Chart  2,  page  49  of  Reference  8,  the  inside  spring  fiber  stress 
s:  f  =  76,000  p.s.i.  (limit) 


The  stress  correction  for  curvature  is  found  in  Chart  3  of  Reference  8: 
fc  *  99,000  p.s.i.  (limit) 


Using  a  spring  steel  with  an  ultimate  shear  stress  of  180,000  p.s.i., 
the  minimum  margin  of  safety  is: 


M.S. 


180 .000 
(1.5) (110,000) 


1  = 


.09 


4. 1.9. 1.2  Lug  Analysis 


The  lug  materials  presented  below  are 
10  for  T1-6AL-4V  titanium  alloy. 

=  l6?,000  p.s.i., 

Section  Properties: 

Lug  diameter: 

Hole  diameter: 

Lug  thickness: 


obtained  from  page  59  of  Reference 


F  -  94,000  p.s.i. 
su  ’  * 


D  -  5.00  in. 
d  =  1.00  in. 
t  *  .50  in. 
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Tensile  area:  -  ( .50)(3.00  -  1.00)  =  1.00  in^ 

Shear  area  at  k0°:  Ag  =  ( .50)(2.0)(l.08)  =  1.08  in^ 


Lug  shear- out : 

tg  =  -  20,400  p.B.i.  (limit) 

Using  a  1.15  fitting  factor,  the  margin  of  safety  is: 


The  remainder  of  the  restraint  spring  assembly  is  satisfactory  by  inspec¬ 
tion. 
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5-0  ROTOR  SYSTEM  FATIGUE  ANALYSIS 


5-1  Introduction 


It  is  the  purpose  of  this  part  of  the  report  to  provide  fatigue  data  to 
predict  the  available  fatigue  strength  of  the  rotor  system  conqponents . 
Only  those  components  which  are  major  structural  members  are  considered 
from  a  structural  viewpoint. 

The  fatigue  analysis  primarily  consists  of  an  investigation  of  the  rotor 
system  to  illustrate  that  the  alternating  stresses  developed  during  nor¬ 
mal  flight  conditions  are  below  the  component  material  endurance  limit 
and  uondamaging.  In  some  cases  a  start-stop  analysis  of  the  centrifugal 
force  is  conducted.  Ihe  normal  flight  condition  is  defined  as:  Forward 
flight,  l.Og,  650  feet  per  second  tip  speed,  144  miles  per  hour  forward 
velocity. 

During  the  stop-start  analysis  the  assumed  occurrence  is  four  starts  and 
stops  per  hour  with  the  design  maximum  rotor  speed  centrifugal  force 
occurring  at  91  percent  of  the  FAA  loading  spectrum,  and  the  rotor  over¬ 
speed  centrifugal  force  occurring  at  9  percent  of  the  FAA  loading  spec¬ 
trum. 


A  modified  Goodman  Diagram  is  used  to  define  the  operating  boundary 
which  Indicates  the  maximum  alternating  stress  or  load  that  may  be  ap¬ 
plied  with  a  steady  stress  or  load  and  still  obtain  unlimited  life  for 
a  part.  A  modified  Goodman  Diagram  is  presented  in  Figure  JO.  If  ac¬ 
tual  test  data  were  plotted  on  the  modified  Goodman,  a  parabolic  curve 
would  be  obtained.  Usually,  the  data  available  is  insufficient  to  draw 
an  accurate  boundary,  and  therefore  the  boundary  is  assumed  as  a  straight 
line.  The  perfect  specimen  endurance  boundary  is  established  as  a  line 
drawn  from  the  ultimate  allowable  to  the  unnotched  endurance  allowable 
and  a  line  from  the  yield  allowable  drawn  at  45  degrees.  The  latter 
portion  of  the  boundary  is  imposed  by  the  Federal  Aviation  Agency's  rule 
which  does  not  allow  yielding. 

The  failure  boundary  on  the  modified  Goodman  Diagram  is  determined  by 
dividing  the  slope  of  the  perfect  specimen  endurance  boundary  by  the 
fatigue  component's  theoretical  fatigue  notch  factor.  The  operating 
boundary  is  determined  by  dividing  the  failure  boundary  slope  by  a  safe¬ 
ty  factor  (the  Federal  Aviation  Agency  requires  a  safety  factor  of  5). 


Because  the  straight  line  is  assumed,  it  is  possible  to  express  vibra¬ 
tory  date,  in  terms  of  equivalent  alternating  stress  or  load.  The  expres¬ 
sion  is,  from  similar  triangles  on  the  Goodman: 


94 


a 

a 

v 

(h 

•p 

co 

DO 

a 

a 

E 

V 

•p 

3 


Figure  50 .  Modified  Goodman  Diagram. 


Generally,  an  available  fatigue  notch  factor  la  estimated  for  the  normal 
flight  condition  stresses,  and  In  some  cases  for  the  stop-start  analysis. 
In  cases  where  fetlgue  data  permits,  analysis  of  critical  attachment 
holts  and  pins  is  conducted  to  determine  the  required  bolt  diameter  to 
approximately  establish  a  10,000-hour  service  life  based  on  S-N  data 
reduced  by  a  factor  of  2.0. 

The  rotor  system  is  analyzed  progressing  In  order  of  force  transmission 
from  the  engine  nacelles  at  the  tip  to  the  hub  and  gimbal  at  the  rotor 
shaft. 

From  a  review  of  the  rotor  system  static  stress  analysis,  presented  in 
Section  4.0  of  this  report,  the  rotor  system  primary  structure  is  con¬ 
structed  of  solution  heat-treated  T1-6AI-4V  titanium  alloy,  and  the 
secondary  structure  is  constructed  of  TI-8AL-IM0-IV  annealed  titanium 
alloy. 

The  unnotched  endurance  limit  for  solution  heat-treated  H-6AL-4V  titan¬ 
ium  alloy  is  obtained  from  Reference  15 . 

F^u  "  162,000  p.s.i.,  Fgj  ■  ±130,000  p.s.i. 

The  unnotched  endurance  limit  for  H- 8AL- IMo- IV  annealed  titanium  alloy 
is  obtained  from  page  3.25.2-4  of  Reference  l6. 

F^u  *  130,000  p.s.i.,  Fgj  *  ±70,000  p.s.i. 
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5.1.1  Engine  Hacelle  and  Attachment 


Per  the  discussion  on  page  7  of  this  report,  the  engine  nacelles  are  not 
considered  from  a  structural  viewpoint  at  this  time. 

5.1.2  Biglne  Mount  System  and  Attachment 

From  a  review  of  the  engine-mount-system  static  analysis  presented  in 
Section  4.1.2  of  this  report,  and  based  on  previous  helicopter  component 
fatigue  ejq>erience,  the  critical  engine  mount  system  fatigue  areas  are 
the  attachment  lugs  and  holts  during  the  start-stop  condition.  The  at¬ 
tachment  bolts  and  lugs  are  also  analyzed  for  the  normal  level  flight 
condition  to  illustrate  that  the  applied  fatigue  stress  is  below  the 
material  endurance  limit  during  normal  flight  conditions. 

5. 1.2.1  Engine -to -Mount  Attachment  Bolts 

Preliminary  fatigue  analysis  has  established  the  engine-to-mount  attach¬ 
ment  bolts  to  be  critical  during  the  start-stop  condition.  An  analysis 
is  conducted  below  to  determine  the  required  bolt  diameter  to  approximate¬ 
ly  establish  a  10,000-hour  service  life  when  a  fatigue  notch  factor  of 
2.0  is  applied  to  the  S-N  data. 

Material  type:  HI  T1  20  series  bolts 
Ftu  =  200,000  p.S.i. 

F  .  =  *31,000  p.S.i. (using  a  fatigue  notch  factor 
el  of  2.0) 

Assumed  bolt  diameter: 

D  =  I.65  in. 

Z  =  (1.65  9  =  .Ml  in3 

The  equations  used  to  determine  the  moments  and  stress  levels  are  ob¬ 
tained  from  page  16  of  this  report.  The  design  maximum  rotor  speed  cen¬ 
trifugal  force  is  obtained  from  page  8. 

C.F.  =  *87,000  lb.  per  engine 

p  .  _  *1^500  lb-  per  bolt 

M  =  £  =  (H?,?00)(.997J  ,  *21,700  ln-ib. 

-  V  =  !?iir2  - t49’000 
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The  engine  environmental  alternating  vertical  load  factor  of  ±40g  a Bed 
In  the  static  analysis  was  conservatively  estimated  during  development 
design  and  prior  to  the  dynamic  load  Btudy  completion.  The  rotor  system 
stiffness  has  Increased  such  that  the  vertical  load  factor  computed  dur¬ 
ing  the  dynamic  load  study  has  a  magnitude  of  ±3-4g  (see  Volume  IV,  page 
44)  for  the  2.5g  loading  condition.  The  ±3-4g  vertical  load  factor  is 
conservatively  used  to  compute  the  alternating  vertical  engine  loadB 
acting  on  the  engine  mount  system  during  normal  flight  conditions. 


Engine  weight:  *  370  lb. 

P,  -  370  ♦  (±3. *0(370)  «  370  ±  1,260  lb.  per  engine 

The  in-plane  load  factor  of  ±5.0g  is  conservatively  UBed  In  computing 
the  alternating  in-plane  engine  mount  loadB. 

Thrust  per  engine  ■  1,500  lb • 

Weight  per  engine  ■  370  lb. 

P  -  1,500  +  (±5)  (370)  -  1,500  ±  1,850  lb.  per  engine 

The  steady  centrifugal  force  load  per  engine  Is  obtained  from  page  8  of 
this  report. 

C.F.  ■  87,000  lb.  per  engine 


The  maximum  load  per  bolt  Is  the  vector  quantity  of  the  x  and  1  loading. 

Px  -  (370  ±  1,260)  ♦  (1,500  *  1,850) 

«  43,500  +  (370  *  1,090)  +  (1,210  *  1,500) 

«  45,000  ±  2,590  lb. 

Pr  -  370  *  1,260  lb. 

P  «  VpJ  *  -  45,000  i  2,900  lb. 

h  -  f  -  *  1)1(35  i0.lb. 
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f  -  22,400  *  435  _  7nn  *  »  , 

#  ~  5™* 700  *  3*250  p.s.i. 

ppo 

f«e,  ■  266  -  ;*.0  t1^)  -  1  4-350  P-6-1- 

The  S-N  curve  shape  presented  in  Figure  51  is  obtained  from  data  in  Ref 
erences  7  and  l6.  The  S-N  curve  shape  has  been  reduced  by  a  factor  of 
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Figure  5l-  HI  T1  Series  Bolts  S-N  Data. 


TABLE  2 

ENGINE  TO  MOUNT  ATTACHMENT  BOLT  FINITE  LIFE  ESTIMATION 


±49, 
±54, 
*4,35 


10] 


l&l 


[0] 


N-Cycles 

$  Occur. 

Cycles/Hr. 

Figure  51 

Page  9^ 

Page  9^ 

1.01  x  105 

91.0 

4.0 

4.9  x  104 

9.0 

4.0 

00 

- 

- 

2.53  x  10** 
1.225x10 


[01 


(3)/(5) 
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5. 1.2. 2 


ine-to-Mount  Attachment  Lues 


Ihe  engine- to-mount  attachment  lugs  are  investigated  for  lug  tensile 
tear-out  during  rotor  overspeed  operation  for  the  start- stop  condition 
and  during  normal  flight  condition. 

Material  type:  Solution  heat-treated  T1-6AL-4V  titanium  alloy 

-  162,000  p.s.i. 

F *  ±130,000  p.s.i.  (unnotched) 

Ifte  rotor  overspeed  condition  centrifugal  force  load  is  obtained  from 
page  97  of  this  report. 

P  =  iA8,000  lb. 

‘a  *  f»e,  *  ‘  *25, too 

The  available  fatigue  notch  factor  is: 


K-r  *  b  5  12 

&fav  ±25,1*00  P 


The  applied  loading  during  +he  normal  flight  condition  is  obtained  from 
page  97  of  this  report. 

P  -  45,000  ±  2,900  lb. 

A  “  I.89  in2  (Ref.  page  17) 

f  *  “  24,800  ±  1,530  p.s.i. 

„  .  162  /  CIA  \  .  I  1  Ql  A  —  1 


(±1,530)  -  ±1,810  p.s.i. 


The  available  fhtigue  notch  fhctor  is: 


±130,000 


5. 1.2.3  Heat 


rav  ±1,810 
insion  Fittin 


71.8 


Section  4-4 


From  a  review  of  pages  27  and  28  of  this  report,  Section  4-4  is  critical 
in  bending.  An  investigation  is  conducted  to  estimate  the  available 
fatigue  notch  factor  during  the  rotor  overspeed  condition  and  during  the 
normal  flight  condition. 

Material  type:  Solution  heat-treated  T1-6AL-4V  titanium  alloy 

F.  ■  162,000  p.s.i. 
tu  *  r 

Fe|  ■  ±130,000  p.s.i.  (unnotched) 
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The  rotor  overspeed  operation  centrifugal  force  load  is  obtained  from 
page  97  of  this  report. 

2P  =  ±48,000  lb. 
x  * 

M  =  -^  (±48,000)  =  ±7,200  in- lb. 

=  ±35,600  p.s.i. 

Px,  -  ±4^Q°°  COS  55°  “  ±13,800  lb. 

%  -aHr  ■  ^.85°  p-*-1- 


=  U 


=  (±35,600)  +  (±8,850)  =  ±44,500  p.s.i. 


a  “eq 

The  available  fatigue  notch  factor  for  the  start- stop  condition  is: 
_  ±130 .000 

Kfav  ”  ±44*500  “2-92 

Hie  normal  flight  condition  applied  stress  is  developed  below. 

2Px  =  45,000  ±  2,590  lb.  (Ref.  page  97) 

4Py  =  1,500  ±  1,850  lb.  (Ref.  page  97) 

M  =  (.30)  (l&i000 +  (3.0)  lL^P--|.lx§SP-l 
z  2  4 

=  (6,750  ±  390)  +  (1,130  ±  1,390) 

=  7,880  ±  1,780  in-lb. 

fb  «  ± =  59,000  ±  8,800  p.s.i. 

Px,  -  cos  55o  +  Sin  55o 

=  (12,900  ±  740)  +  (300  ±  383) 

=  13,200  ±  1,120  lb. 

ft  =  ^*^0-^-|a120  =  ±  ^  piS>i> 


The  maximum  stress  is: 

fn*x  =  fb  +  ft  =  4-7,500  ±  9,520  p.s.i. 

Vq  *  TZ2^TT3  (±9’52t>)  *  ±13>5°°  f'8'1' 

The  available  fatigue  notch  factor  is: 

=  ±13,0,000  =  9  ^ 

**av  ±13,500  y 
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5. 1.2.4  Mount -to-Blade -Tip  Attachment  Bolts 

Preliminary  fatigue  analysis  has  established  the  mount-to-blade-tip 
attachment  bolts  to  be  critical  during  the  start-stop  condition.  An 
analysis  is  conducted  below  to  determine  the  required  bolt  diameter  to 
establish  approximately  a  10,000-hour  service  life  when  a  fatigue  notch 
factor  of  2.0  is  applied  to  the  S-N  data.  An  investigation  of  the  nor¬ 
mal  flight  condition  is  included  to  demonstrate  that  the  fatigue  stress 
is  below  the  material  endurance  limit  and  nondanaging. 

Material  type:  HI  T1  20  series  bolts. 

F.  =  200.000  p.S.i. 
tu  ’ 

F  .  =  ±31,000  p.s.i.  (using  a  fatigue  notch  factor 
eX  of  2.0) 

Assumed  bolt  diameter: 

D  =  1.365  in. 

Z  =  ~  (1.365 9  =  .25  in5 

The  equations  used  to  determine  the  moments  and  stress  levels  are  ob¬ 
tained  from  page  37  of  this  report.  The  normal  rotor  operating  speed 
centrifugal  force  is  obtained  from  page  8. 

C.F.  =  ±198,1iOO  lb. 


The  load  per  bolt  is: 

P  =  *198.400  =  ±49,600  lb.  per  bolt 


M  _  Fb 
M  "  T  - 


2 

±12,100 


=  ±12,100  in- lb. 


f  =  f  =  ttJLl 

a  «eq  .25 


=  ±48,500  p.s.i. 


The  rotor  overspeed  operation  centrifugal  force  load  is: 

C.F.  =  (1.05 )2(tl98, 400)  =  ±219,000  lb. 


The  load  per  bolt  is: 


p  =  ,  t54)8oo  lb_ 

M  .  f .  fta. soopsT?) .  n3>00  ln.lb, 

fa  =  fae4'  !i?2r5  -  *53,600  p.s.i. 


The  stress  level  developed  during  the  normal  flight  condition  is  pre¬ 
sented  on  the  following  page. 


C.F.  =  198,400  lb.  (Ref.  page  11) 

The  gyroscopic  moment  per  engine  tends  to  force  the  rotor  blade  leading 
edge  dovn,  and  has  a  mgnitude  of: 

*  94,000  in- lb.  (Ref.  pege  ll) 

The  vertical  engine  load  normal  to  the  blade  axis  is: 

My  a  (±3. 4) (24. 00) (370)  *  ±29,400  in- lb. 

P2  =  (±3-4) (370)  -  ±1,260  lb. 

P  *  2  1,500  +  (±5) (370)  =  3,000  ±  3,700  lb. 

J 

The  load  per  bolt  is: 


TABLE  3 

MOUNT  TO  BLADE  TIP  ATTACHMENT  BOLTS  FINITE  LIFE  ESTIMATION 


[@] 


[01 


m 


[«i 


N- Cycles 

5?  Occur. 

Cycles/Hr. 

Hour 

Figure  51 

Page  9^ 

Page  94 

(2)/(4) 

1.012x  105 

91.0 

4.0 

2.53  x  104 

4 

5.2x10 

9.0 

4.0 

1.30  x  104 

m 

- 

- 

- 

Calculated  life:  Lc  =  ~  23,400  hours 


m\ 


(3)/(5) 


Service  life:  S.L.  *  1,250  +  ( -375)  (23,400)  =  10,000  hours 
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5- 1.2. 5  Engine- to- Aft-Mount  Attachment  Bolts 


The  aft  mount  is  designed  to  react  only  the  enpine  thrust  loads.  There¬ 
fore,  the  engine- to-aft-mount  attachment  bolts  are  investigated  during 
the  normal  level  flight  condition. 

Hie  engine  thrust  is: 

Py  =  1,500  ±  1>850  lb.  per  engine 

P  =  15fl25  (J-jSOO  ±  1,850)  =  1,115  ±  1,575  lb. 

Hie  equations  used  to  determine  the  moment  and  stress  level  are  obtained 
from  page  37  of  this  report. 

M  =  a  -  U.W.*  IffflLMH)  .  212  ±  3?6  In- lb. 

fb  =  "  11<300  ±  11*'000  p-8-1- 

=  -4U.;  t^.000)  =  ±15,200  p.B.i. 

The  endurance  limit  for  7AL-12ZR  titanium  alloy  is  conservatively  assumed 
to  be  the  same  as  that  for  TI-8AL-IM0-IV  annealed  titanium  alloy. 


F =  ±70,000  p.s.i. 
Hie  available  fatigue  notch  factor  is: 


-  ±70  .000 
fav  "  ±15,200 


U.67 


5. 1.2. 6  Aft-Mount- to- Tin  Attachment  Bolts 


The  load  per  bolt  due  to  engine  thrust  is: 

Px  =  1,115  ±  1,375  lb. 

The  centrifugal  force  load  due  to  the  aft  mount  weight  is  obtained  from 
page  11  of  this  report. 

P^  =  2,600  lb. 


Hie  maximum  load  is: 

P  =  +  (1A15  ±  1>575)  =  2,1u5  ±  1,575  lb. 

The  equations  used  to  determine  the  moment  and  stress  level  are  obtained 
from  page  b2  of  this  report. 

I 
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=  50&  ±  289  in- lb. 


Fb  (3415  *  l$75)(.k2) 

”  "  2  "  2 

fb  =  '^o^y2'6'^  =  21>200  *  12  > 100  p-6-1- 

fv  ■  iST^gi'S  (tl2'100)  .  *14, 200 


The  available  fatigue  notch  factor  is: 

_  *70,000  _  . 
Kfav  ±14,200  "  4,9 


5»1»3  Main  Rotor  Blade  Tip  and  Attachments 

The  blade  tip  fatigue  analysis  consists  of  an  investigation  of  the  main 
mount  to  tip  attachment  lugs  for  shear  tear-out,  using  the  alternating 
centrifugal  force  loading  developed  for  the  start-stop  condition  during 
rotor  overspeed  operation.  An  investigation  of  the  normal  flight  condi¬ 
tion  is  provided  to  demonstrate  that  the  fatigue  stress  developed  is  be¬ 
low  the  material  endurance  limit  and  nondamaging 


Ftu  =  130,000  p.s.i. 

F  4  =  *70,000  p.s.i. 

2 

Shear  area:  A  =  2.70  in 
s 


(Ref.  page  95) 


The  centrifugal  force  load  during  the  rotor  overspeed  condition  is  ob¬ 
tained  from  page  101  of  this  report 


C.F.  =  ±219,000  lb. 


P 

f 


'fzz  =  ±54,800  lb. 


aeq 


=  =  ±20,300  p.s.i. 


The  material  shear  endurance  limit  is  conservatively  taken  as  57  percent 
of  the  tensile  endurance  limit. 


F  ,  =  (. 57)^70, 000)  =  t40,000  p.s.i. 
e*s 

The  available  fatigue  notch  factor  is: 


±40,000 
fav  =  *20,300 


1.97 


The  lug  load  during  the  normal  flight  condition  is  obtained  from  page  102 
of  this  report. 

P  =  50,000  ±  3150  lb. 


f 

s 


50,000  *  3150 
2.70 


18,600  ±  797  p.s.i. 
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faeq  -  W^I576  (*797)  *  ±1'°70  P-S'i' 

The  available  fatigue  notch  factor  is: 

*fc 


tuo^ooo  =  57>2 


av  ±1,070 
5.1.^  Main  Rotor  Blade  Typical  Section 

The  blade  typical  section  fatigue  analysis  consists  of  an  investigation 
of  the  following  conditions: 

Condition  1.  Rotor  overspeed  condition 

Condition  2.  Forward  flight,  lg,  1*A  m.p.h.  fwd.  velocity 
Condition  3*  Transient  cyclic  stick  whirl 

The  condition  1  investigation  consists  of  a  start-stop  analysis  using  the 
alternating  centrifugal  force  loads  developed  during  the  rotor  over speed 
condition. 


The  condition  2  analysis  investigates  the  alternating  flapwise  stress 
developed  during  normal  operating  conditions. 

The  condition  3  analysis  investigates  the  alternating  stress  developed 
on  the  blade  trailing  edge  during  the  cyclic  stick  whirl  condition. 

The  section  properties  for  the  blade  basic  section  (rotor  station  17O.OC) 
are  obtained  from  page  60  of  this  report. 

10  2 

Chordwise  stiffhess:  EI^  =  9*5  x  10  lb-in 

Flapwise  stiffness:  EL,  =  7*5  x  10^  lb-in2 

1  op 

Torsional  stiffness:  GJ  =  9*7  x  107  lb- in 

Blade  chord  =  78  in. 

Blade  depth  =  ( .15 )(78)  =  11. 7  in. 

Area  =  16.92  ir.2 


5. 1.4.1  Rotor  Overspeed  Condition 


A  start-stop  investigation  of  the  blade  basic  section  at  rotor  station 
170.00  is  conducted  for  the  alternating  centrifugal  force  load  developed 
during  the  rotor  overspeed  condition. 


P 

f 


(1.05)  (1570,000)  =  1629,000  lb. 
%|°  =  i57,100  p.s.i. 


The  available  fatigue  notch  factor  is: 

„  170,000  ,  Q„ 
Kfav  =  ±3'7!l<X>  =  1,89 
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5- 1.4.2  Forward  Flight,  lg l44  m.p.h.  Forward  Velocity 


During  condition  2,  the  maximum  alternating  stress  is  due  to  flapvise 
bending  and  centrifugal  force,  the  torsional  moment  being  negligible. 

The  maximum  alternating  flapwise  moment  occurs  at  rotor  station  437-00. 

MPa  =  ±3-66  x  105  in- lb. 

Mp  =  2.0  x  105  in- lb. 

rs 

Tne  centrifugal  force  load  is  obtained  from  page  53  of  Reference  2. 

P  -  4.3  X  105  lb. 

M  =  2.0  x  105  ±  3-66  x  105  in- lb. 

The  blade  section  properties  at  rotor  station  437-00  are  obtained  from 
Reference  2. 

a  2 

Flapwise  stiffness:  EI^,  =  5.2  x  Hr  in- lb 
Area  »  12.00  in2 


12 .00 


=  35,800  p.s.i. 


(5-2) (109) 


=  4,200 ±  7,600 
p.s.i. 


f  =  35,800  +  (4,200  ±  7,600)  =  40,000  ±  7-600  p.s.i. 
max 


aeq  130 


(±7,600)  *  ±11,000  p.s.i. 


The  available  fatigue  notch  factor  is: 

Kfav  ±11,000  6-56 

5-1-4. 3  Transient  Cyclic  Stick  Whirl 

During  condition  3,  the  maximum  alternating  stress  is  due  to  chordwise 
bending  and  centrifugal  force. 

The  centrifugal  force  and  alternating  chordwise  moment  are  obtained  from 
page  62  of  this  report. 

=  ±3-25  x  10  6  in-lb. 

P  =  5-58  x  105  lb. 

„  _  (5.38) (105)  _  „„  - - - 


16.92 


=  31,800  p.s.i. 


The  root- retention- structure  fatigue  analysis  consists  of  an  investiga¬ 
tion  of  the  tens ion- tor sion  strap  and  its  retention  pin  and  an  analysis 
of  the  blade  at  rotor  station  102.00. 


5- 1-5-1  Tension- Torsion  Strap  Assembl 


An  analysis  is  conducted  below  to  determine  the  required  number  of  wires 
per  side  to  establish  approximately  a  10,000-hour  service  life  based  on 
alternating  centrifugal  force  loads  developed  during  the  start- stop 
condition. 


Hie  wire  material  is  AM  555  ORES  stainless  steel. 

Ftu  =  475,000  p.s.i. 

Hie  S-N  curve  shape  presented  in  Figure  52  on  page  100  was  ootained  from 
the  Bendix  Corporation. 

Wire  diameter:  d  -  .006  in. 

A  =  |  (.006)2  =  2.05  x  1C5  in2 

Preliminary  analysis  has  established  the  required  number  of  vires  to  be 
117,000  to  approximate  a  10,000-hour  service  life. 

Hie  centrifugal  force  load  developed  during  normal  rotor  operation  is 
obtained  from  page  105  of  this  report. 


P  *  ±570,000  lb. 


Load/wire  =  117*000  "  ±4*87  lb* 


f  = 


±4.81 


eq  (2.85)(10"P) 


—  =  ±172,000  p.s.i. 


The  rotor  overspeed  condition  centrifugal  force  is  obtained  from  page 
105  of  this  report. 


P  =  1 629,OOC  lb.,  load/ wire  =  *^-^§3  =  *5*37  lb* 


rH 

^  160 


10* 

Figure  52 

10?  1C- 

N  -  Cycles 

.  Tension-Torsion  Strap 

10' 

S-N  Data. 

— 1 

TABLE  4 

TENSION-TORSION  STRAP  FINITE  LIFE  ESTIMATION 

(1) 

(2) 

(5) 

(M 

. (5)  . 

(6) 

faeq 

N-Cycles 

$  Occur. 

Cycles/Hr. 

Hour 

^  Occur/Hr. 

Figure  52 

Page  94 

Page  9^ 

(2)/(4) 

C5)/(5) 

*172,000 

*190,000 

1.35  x  105 

4 

3.2  x  10 

91.0 

9-0 

4 

4 

3.39  x  I0k 
8.0  x  105 

.0027 

.00113 

£  =  .00383 

Calculated  life:  L 

c 

Service  life:  S.L. 


•^05B5  -  26,100  hoars 

1250  +  (.375) (26, 100)  =  11,000  hours. 
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5. 1.5*2  Tension-Torsion  Strap  Retention  Pin 


A  start- step  investigation  of  the  retention  pin  is  conducted  to  deter¬ 
mine  the  required  pin  section  properties  to  approximate  a  10,000  hours 
service  life  when  a  fatigue  notch  factor  of  2.0  is  applied  to  the  S-N 
data. 

Material  type:  T1-6AL-4V  solution  heat-treated  titanium  alloy. 

F,  =  162,000  p.s.i. 

tu  * 

Fg  =  *150,000  p.s.i.  (unnotched) 

The  assumed  bolt  dimensions  are  presented  below. 

Outside  diameter:  D  =6.50  in. 

Inside  diameter  at  mid-span:  =  4.86  in. 

Z  =  )(6'5 )  =  (^*5*  ”  ^*86^)  =  18.52  in^  at  mid-span 

The  equations  used  to  determine  the  moments  and  stress  levels  are  ob¬ 
tained  from  pages  64  and  65  of  this  report.  The  normal  rotor  operat¬ 
ing  speed  centrifugal  force  load  is  obtained  from  page  107  of  this 
report. 


PCF  =  ±57C>QO°  lb‘ 

M  =  -2  £(5.225)  +  (.5)(2.625)]  =  *1,290,000  in-lb. 


f 


a 


_  *1,290,000 
^q  18.52 


*69,600  p.s.i. 


The  rotor  overspeed  condition  centrifugal  force  load  is  obtained  from 
page  108  of  this  report. 


P  -  *629,000  lb. 

M  =  22  [(5.225)  +  (.5)(2.625)]  =  *1,420,000  in-lb. 

,420, PC 
leq  l5.52 


f.  =  f. 


nA£2;.0QQ  =  *76,600  p.s.i. 
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Figure  53.  T1-6AL-4V  Titanium  S-N  Data. 


TABUS  5 

T-T  STRAP  RETENTION  PIN  FINITE  LIFE  ESTIMATION 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

*®eq 

N-Cycles 

f>  Occur. 

Cycles /Hr. 

Hour 

$  Occur/Hr. 

Figure  53 

Page  94 

Page  94 

(2  )/(4) 

(3)/(5) 

169,600 

176,600 

1,82  x  105 

4 

1.95  x  10 

91.0 

9.0 

4.0 

4.0 

j, 

4.55  X  10 
4.88  x  105 

.002 

.00184 

Z  -  .00581* 


T  QQ 

Calculated  life:  Lc  =  — =  26,000  hours 

Service  life:  S.L.  =  1250  +  ( .373)(26, 000)  =  11,000  hours 

5. 1.5. 3  Rotor  Station  102,00  Analysis 

Rotor  station  102.00  carries  flapvise  and  chordwise  moments  only  as  it  is 
located  inboard  of  the  tension- torsion  bar  retention  pin.  The  station 
102. CO  fatigue  analysis  consists  of  an  investigation  of  the  following 
two  conditions: 
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Conditior.  1.  Furd.  flight,  lg,  144  m.p.h.  fvd.  velocity 
Condition  2.  Transient  cyclic  stick  vhirl 

Condition  1: 

M-,  =  7-0  x  1C5  ±  2.3J  x  105  in- lb.  (Ref.  Vol.  IV) 

*  Q  2  s 

Flapvise  El  =  l4."  x  10~  lb-in  ,  C *  5--P  in.  (Ref.  page  66) 

f  , riLPiiaa?!* 

(l4.7)(l09) 

=  4,540  ±  1,51C  p.s.i. 


laeq  “  130  -  4.5 


(±1,510)  *  ±1,565  p.s.i. 


The  material  endurance  limit  for  TI-8AL-IM0-IV  titanium  alloy  is  obtained 
from  page  94,  ana  the  available  fetigue  notch  factor  is: 


k.  -tt.a 

-av  ±1,565 


Condition  2: 


Mr  =  ±3.4  x  10°  in- lb.  (Ref.  page  67) 

c  10  P 

Chordvise  El  =  9.95  x  10  lb-in  ,  C  *  U1.5  in.  (Ref.  page 

f,  *6  66) 

f  =fa  .  &  , f  106)  ,?)  ( xe  ,g)  (  io6)  .  ^ 

“  eq  (9.85) (1010) 


The  available  notch  factor  is: 

k,  =  mam  .  2  64 

*fav  ±26,500 


5.1.6  Stub  Blade  and  Retention 

The  stub-blade  fatigue  analysis  consists  of  an  investigation  of  the 
stub-blade- to- hub  attachment  lugs  and  the  ad jus table- link- to- stub-blade 
attachment  lugs. 

5. 1.6.1  Analysis  of  Stub-Blade- to-Hub  Attachment 


The  stub-blade- to-hub  attachment  lugs  are  analyzed  for  the  forward  flight, 
Ig,  144  miles  per  hour  forward  velocity  condition. 

Mp  =  9-5  x  10^  ±  2.35  x  lO'  lb-in.  (Ref.  Volume  IV) 
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P  -  (9Ml£l±^m(l£}  .  54,600  t  15,400  16. 

1 1 .4 

f  =  *-43*400  =  8,250  ±  2,020  p.s.i. 

t  o.c2 

V,  -  ifegT6!;  -  *2.130  p.s.i. 

The  available  fatigue  notch  factor  is: 

K  -  *430,000  ^  n 

Kfav  '  ±2,150  "  61,0 


5. 1.6.2  Adjustable -Link- to-Stub-Blade  Attachment  Lug 

The  adjustable  link  and  the  stub-blade -to-hub  attachment  pin  react  chord- 
vise  moments  out  as  couples.  The  chordvise  moment  at  rotor  station  30.00 
during  the  normal  flight  conditions  is  negligible,  as  the  main  rotor 
system  is  designed  for  the  chordvise  moment  due  to  engine  thrust  at  the 
blade  tip  to  be  reduced  by  the  blade  and  engine  nacelle  drag  such  that 
the  chordvise  moment  at  the  rotor  system  centerline  is  zero.  However, 
a  high  alternating  chordvise  moment  is  experienced  during  the  transient 
cyclic  stick  vhirl  condition. 

P  =  *117,000  lb.  (Ref.  page  73) 


The  available  fatigue  notch  factor  is  established  below  for  lug  shear- 
out.  The- material  shear  endurance  limit  is  conservatively  taken  as  57 
percent  of  the  tensile  endurance  limit. 


Fei  =  (-57) (*130, 000)  ^  ±74,000  p.s.i, 


The  shear  area  is  obtained  from  page  73  of  this  report. 
A 


=  3.45  in2 


f  =  f a  -  -—-'^P00  =  ±54,000  p.s.i. 
a  aeq  3.^ 

The  available  fatigue  notch  factor  is: 

_  *74,000  0  ,0 

Kfav  "  *30500  "  ‘-•1° 


5.1.7  Main  Rotor  Hub  Assembly 

The  hub-assembly  fatigue  analysis  consists  of  an  investigation  of  the 
blade  retention  pin,  the  retention  pin  lugs,  and  the  adjustable  link. 


112 


5-1. 7.1  Rotor-Blade -Attachment-Pin  Assembly 


Preliminary  fatigue  analysis  has  established  the  rotor-blade -to-hub 
attachment  pin  to  be  critical  during  the  start-stop  condition.  An 
analysis  is  conducted  below  to  determine  the  required  pin  section  proper¬ 
ties  to  establish  approximately  a  10,000-hour  service  life  when  a  fatigue 
notch  factor  of  2.0  is  applied  to  the  3-N  date.  An  investigation  of  the 
normel  flight  condition  is  included  to  demonstrate  that  the  fatigue  stress 
is  below  the  material  endurance  limit  and  nondamaging. 

Material  type:  T1-6AL-4V  solution  heat-treated  fitanium  alloy. 

F.  =  162 , 000  p . s  .  i . 

F =  1130,000  p.s.i.  (unnotched) 

Preliminary  fatigue  analysis  has  established  the  following  pin  dimensions: 

Outside  diameter:  D  =  6.50  in. 

Inside  dia.  at  mid-span:  d  =  4.00  in. 

Z  '  02M6.5)  ^ '  1 '•°°4)  "  25‘1  iI? 


The  equations  used  to  determine  the  moments  and  stress  levels  are  ob¬ 
tained  from  page  78  of  this  report.  The  normal  rotor  operating  speed 
centrifugal  force  load  is  obtained  from  page  109  of  this  report. 


f 

a 


*570,000  lb. 

*.57°;?qg  [(4.375)+  (.5)(2. 625)] 

*1,620,000  in- lb. 

faen  *  -^H09  =  *70’000  P-6-1' 


The  rotor  overspeed  condition  centrifugal  force  loading  is  obtained  from 
page  108  of  this  report. 


P  =  *629,000  lb. 

M  =  *629;000  [(4.375)+  (.5)(2.625)]  =  *1,790,000  in-lb. 


f 

a 


*1,790,000 
aeq  "  23.1 


±77,500  p.s.i. 


The  pin  loading  during  the  normal  flight  condition  is  obtained  from 
Volume  IV. 
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=  570,000  lb. 

Mp  *  9-5  x  105  ±  2.32  x  1C5  in- lb. 

T  =  -1.8l  x  105  lb-in. 

Prom  a  review  of  Figure  2,  Volume  III,  the  flap  wise  moment  induces  shear 
stress  into  the  attachment  pin,  and  the  steady  centrifugal  force  and 
torsion  induce  a  steady  bending  moment  into  the  pin.  Therefore,  the 
pin  is  analyzed  for  the  alternating  shear  load  due  to  flapvise  bending 
developed  during  the  normal  flight  condition. 


The  material  shear  endurance  limit  is  conservatively  taken  as  57  percent 
of  the  tensile  endurance  limit.  The  material  tensile  endurance  limit  is 
obtained  from  Figure  55  of  this  report. 

Fp 1  =  (.57) (±65 ,000)  =  ±57,000  p.s.i. 

*s 

The  available  fhtigue  notch  factor  is: 


TABLE  6 

BLADE  ATTACHMENT  PIN  FINITE  LIFE  ESTIMATION 


±70,000 

±77,500 


N-Cycles 

$  Occur. 

•  Cycles/Hr. . 

Figure  53 

Page  9^ 

Page  9^ 

1.6  x  lDp 

91.0 

4.0 

1.5  -x  HT 

9.0 

4.0 

00 

- 

- 

hour  #  Occur/Hr. 


4 .0  x  10i 
3.75x10' 


.00228 

.00240 


Calculated  life:  L,  =  ~  21,400  hours 

Service  life:  S.L.  =  1,250  +  ( .375) (21,1*00)  *=  9,500  hours 


5-1- 7*2  Analysis  of  Blade -to -Hub  Attachment  Lug 


The  blade-to-hub  attachment- lug  analysis  consists  of  an  investigation  of 
the  alternating  centrifugal  force  loading  developed  during  the  rotor 
overspeed  operation  for  the  start- stop  condition  and  the  normal  flight 
condition  to  demonstrate  that  the  equivalent  alternating  stress  developed 
is  below  the  material  endurance  limit  and  nondamaging. 

• 

The  lug  section  properties  are  obtained  from  page  76  of  this  report. 

2 

Shear  area:  A  =  10.15  in 
s 

The  centrifugal  force  loading  during  the  rotor  overspeed  operation  is 
obtained  from  page  108  of  this  report. 


=  ±629,000  lb. 

fa  ■  V  •  (2^7;)  -  *^°°°  P-*-1- 

The  material  shear  endurance  limit  is  conservatively  taken  as  57  percent 
of  tensile  endurance  limit. 

re*8  =  (-57) (±150,000)  -  ±74,000  p.s.i. 


The  available  fatigue  notch  factor  is: 


=  ±74  000 
fay  ±51,000 


2.58 


The  lug  loading  during  the  normal  flight  Condition  is  obtained  from  page 
114  of  this  report. 

P  =  555,000  ±  16,600  lb. 


f  =  2?2i°°Q  *  =  34,800  ±  1,640  p.s.i. 

s  10.15 

faeq  *  (±1’61‘0>  *  i^600 


The  available  fatigue  notch  factor  is: 


±74.000 

±2,600 


28.4 


5. 1.7. 5  Adjustable-Link-AsBembly  Analysis 

Per  the  discussion  in  Section  5*1*6. 2,  the  maximum  adjustable- link  load¬ 
ing  occurs  during  the  transient  cyclic  stick  whirl  condition. 


P  =  ±117,000  lb.  (Ref.  page  111) 


The  lug  shear  area  is  obtained  from  page  8l  of  this  report. 


A  =  6.2 8  in2 

s 


f 

a 


±117,000 

'  6.28  " 


±18,600  p.s.i. 


The  lug  material  is  T1-6AL-4V  titanium  alley,  and  the  shear  endurance 
limit  is  conservatively  taken  as  57  percent  of  the  tensile  endurance 
limit. 

F  =  (.57) (±130, 000)  =  ±7li, 000  p.s.i. 
eiB 

The  available  fatigue  notch  factor  is: 


„  _  ±7^,000 

*av  ±18,600 


3.98 


ll6 
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